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from the M6800 Microcomputer Family, and using the 
MCM6590 to store control programs. Software instructions 
in the ROMs cause the system to read data from the input 


lines, perform computations in the RAM, and direct 
appropriate response by the outputs. 

In this minimum system configuration, the need for 
decoding of the high order address bits is avoided by 
selecting each device on the address bus with one of the 
high order address lines (A11-A15). The MCM6590 ROMs 
are selected by A12 and A13, and the PIA is selected 
by A114. 


FIGURE 19 — MICROPROCESSOR-BASED SYSTEM CONTROLLER 


DO-D7 


MC6800 
Microprocessor 


MC6820 PIA 4 po 


PBO- PAO- 
CB2 CB1 PB7 PA7CA2 CA1 


Output Input 


*8-Bit Bi-directional 
Data Bus 


MCM6810 
128 x 8 Bit 
RAM 


MCM6590 


ROM 


MCM6590 
2K x 8 Bit 
ROM 


A0-A10 


Note: Only address and data bus signals shown. 
Unused chip selects are enabled. 


MCM6590, MCM6591 (continued) 


PACKAGE DIMENSIONS 


on earn MILLIMETERS sa 


| a_| 29.34 | 30.86 | 1.155 | 1.216 | 
a [12.70 [14.22 [0.500 | 0.560 
eT 3.057 3.94 {0.1201 0.155. 
0.38 | 0.51 [0.015 |0.020, 
TF [0.89 | 1.40| 0.035 | 0.055 
eo | 25¢Bsc | 0.100 BsC_| 
Hoes | 1.40,| 0.035 | 0.055 
KT 2.92 | 3.68 [0.115 | 0.145 | 


ae ee ae eo 
| NW [057 | 1.147 0.020 | 0.045 | 


NOTES: 


. 4, LEADS WITHIN 0.13 mm 
rit yl K (0.005) RADIUS OF TRUE 

. 4 ! POSITION AT SEATING 
G ia lop f u - : PLANE WITH MAXIMUM 


SEATING PLANE MATERIAL CONDITION. 
2. LEAD NO. 1 CUT FOR 
IDENTIFICATION, OR 
BUMP ON TOP. 
3.DIM“L” TO INSIDE 
OF LEADS. (MEASURED 
0.51 mm (0.020) BELOW 
PKG BASE) 


CASE 684-04 
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1024-BIT READ ONLY MEMORY 


The MCM14524 is a complementary MOS mask programmable 
Read Only Memory (ROM). This device is ordered as a factory 


special with its unique pattern specified by the user. 

This ROM is organized in a 256 x 4-bit pattern. The contents 
of a specified address (<< AQ, Ai, A2, A3, A4, Ad, A6, A7 >) will 
appear at the four data outputs (BO, B1, B2, B3) following the 
negative going edge of the clock. When the clock goes high, the data 
present at the outputs will be latched. The memory Enable may be 
taken low asynchronously, forcing the data outputs low and resetting 


the output latches. This device finds application wherever low power 
or high noise immunity ts a design consideration. 

Diode Protection on All Inputs 

Noise Immunity = 45% of Vpp typical 

Quiescent Power Dissipation — 25 nW/package typical @ 5 Vdc 

Single Supply Operation — Either Positive or Negative 

Memory Enable Allows Expansion 

Output Latches Provide a Useful Storage Register 


TRUTH TABLE 


[stock Jewasce[ 80 | 01 | 7 | 33] 
* * * = 


LATCHES 


AS aia Ee ae as a es 


X = Don’t Care 
“Indicates contents of specified Address will appear at outputs as stated above. 


BLOCK DIAGRAM 
2 
Enable o 


1 
Clock O 


15 
AO O 


14 


Memory 
Matrix 


(32 x 8) 


1 of 32 
Address 
Decoder 
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MCM14524AL 
MCM14524CL 
MCM14524¢P 


VMcMOS 


(LOW-POWER COMPLEMENTARY MOS) 


1024-BIT 
(256 x 4) 
READ ONLY MEMORY 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Address 
Decoder 
(1 of 8) 


Address 
Decoder 
(1 of 8) 


. Address 


Decoder 
(1 of 8) 


Address 
Decoder 
(1 of 8) 


Output 
Latch and 
Buffer 


Output 
Latch and 
Buffer 


Output 
Latch and 
Buffer 


Output 
Latch and 
Buffer 


MCM 14524 (continued) 


MAXIMUM RATINGS (Voltages referenced to Vsg, Pin 8) 


[Rating __—————=*d——=SSymbol 


DC Supply Voltage MCM14524AL +18 to -0.5 Vde 
+16 to -0.5 


VoD 
MCM 14524CL/CP 
Vpp 10-05 


This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tions of any voltage higher than maximum rated 
voltages to this high impedance circuit. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either Vss 
or Vpp). . 


Input Voltage, All Inputs 


DC Current Drain per Pin ee ae ET 
Operating Temperature — MCM14524AL Ta -§5 to +125 
Range MCM 14524CL/CP -40 to +85 


Storage Temperature Range -65 to +150 


ELECTRICAL CHARACTERISTICS 


: Vop |___Tow’ | PE ) 
| ——_cnancwiie | sya | EP af [ero | 


Output Voltage “0” Level Vout 0.01 Vde 
0.01 
0.05 
1" Level 4.99 Vdc 
9.99 
; 14.95 
Noise Immunity d Vde 
(OVout < 0.8 Vdc) 5.0 1.5 | 
(4Vout © 1.0 Vde) 10 3.0 
(SVout < 1.5 Vde) 15 4.5 
(4Vout < 0.8 Vde) 1.4 Vde 
(SVout < 1.0 Vdc) | 2.9 
(OVout < 1.5 Vde) 44 
Output Drive Current (AL Device) lOH mAdc 
(VoH = 2.5 Vde} Source 5.0 
(Von = 9.5 Vdc) 10° 
(VoH = 13.5 Vdc) 15 
(Vo. = 0.4 Vdc) Sink lot 5.0 mAdc 
(VoL = 0.5 Vdc) 10 
(Voy = 1.5 Vdc) 15 
Output Drive Current (CL/CP Device) IOH mAdc 
(VOH = 2.5 Vdc) Source 5.0 
(VOH = 9.5 Vdc) 10 
(VoH = 13.5 Vdc) 15 
(VoL = 0.4 Vdc) Sink lot 5.0 mAdc 
(VoL = 0.5 Vde) | 10 
(VoL = 1.5 Vdc} 15 : 
input Curent SSSd ng ieee 
Input Capacitance Cin pF 
(Vin = 0) 
Quiescent Dissipation (AL Device) 5.0 : . mw 
15 0.00023 0.30 18 
Quiescent Dissipation (CL/CP Device) 5.0 0.000025 0.25 3.5 mw 
10 0.00010 1.0 14 
15 0.00023 3.0 42 
Power Dissipation** t 5.0 Pp = (7.0 mW/MHz) f + Po mw 
(Dynamic plus Quiescent) 10 Pp = (30 mW/MHz) f + Pq 
(Cy = 15 pF) 15 Pp = (75 mW/MHz) f + Po 


*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
tFor dissipation at different external load capacitance (C;_) use the formula: 
Pr(Cy) = Pp + 1.x 1073 (Cy -15 pF) Vpp2t 
where: P+, Pp in mW (per package), Ci in pF, Vpp in Vdc, and f in MHz is input clock frequency. 
**The formula given is for the typical characteristics only. 
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MCM14524 (continued) 


SWITCHING CHARACTERISTICS (Cc, = 15 pF, Ty = 25°C) 
| Min | Max 
Typ 


AL CL/CP AL CL/CP 
Characteristic Vpp Device | Device) AllType | Device | Device 


Clock Read Access Delay Time 
1325 2650 3975 


taceg = (1.0 ns/pF) CL + 1310 ns 
tacce = (0.43 ns/pF) CL + 518 ns 525 1050 | 1575 
355 790 


taccc = (0.29 ns/pF) Cy + 351 ns 


Enable Access Delay Time Ee 


tacce = (1.14 ns/pF) CL + 173 ns 
taccg. = (0.57 ns/pF) CL + 71 ns 
tacce. = (0.29 ns/pF) Cy + 51 ns 


380 
160 
120 


Output Rise and Fall Time 
ty, t¢ = (1.7 ns/pF) Cy + 49 ns 
ty, te = (1.14 ns/pF) CL + 18 ns 
ty, t¢ = (0.86 ns/pF) Cy + 12 ns 
Minimum Clock Pulse Width* 


ost 
oO ol 


uw 
Oo 
jo) 


— 
— 
Oo 


Maximum Low Clock Pulse Width# 


Address Setup Time 


Address Hold Time 


Minimum Clock to Enable Setup Time 


Minimum Clock to Enable Hold Time 


*The clock can remain high indefinitely with the data remaining latched. 
#1f clock stays low too long, the dynamically stored data will leak off and will have to be recalled. 


FIGURE 1 — OUTPUT DRIVE CURRENT FIGURE 2 — SWITCHING TIME TEST CIRCUIT 
TEST CIRCUIT (Refer to timing diagram) 


Pulse Pulse 
Generator Generator 


Clock at 100 kc 
Pulse Width = 300 ns 


Pulse 
Generator 


Notes: 
1. Source current, address ROM to obtain a ‘’1”’ 
on all four outputs (BO thru B3). 
2. Sink current, address ROM to obtain a ‘‘0”’ 
on all four outputs (BO thru B3). 


Note: 
Address ROM to obtain level change when 
clocking any one address line. 
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MCM 14524 (continued) 


MEMORY READ CYCLE TIMING DIAGRAMS 


a) Using Clock to 


Read Memory " 
Address Address Valid Don’t Care 
(Address must be fixed) (Address can be changed) 


Clock Input 


tsetup, 


~t— Enable pulse not required 
in this diagram to read memory 


. Outputs remain reset VOH 
- Valid ¥ 


Access “0” if clock is high 
VOL 
*Data outputs always go to the logic ‘‘1’’ state before the data is valid 
between accessing successive ‘‘0’s”’ 
b) Using the Enable **Outputs forced to ‘'0’’ by Enable. 


to Read Memory 


PWeL 


Enable h- 50% 
Input 


Sacte, 


Access ‘'1°’ 
Data Data 


Data 
Outputs Valid Access *‘0’’ i 


Valid 


T In this mode of operation, the negative going edge of Enable 


#T he data Outputs are valid without the logic ‘‘1'’ pulse occurring 
should occur on or before the clock negative edge. 


during the access cycle as shown in a) above. 


CUSTOM PROGRAMMING 


By the programming of a single photomask for the MCM14524, 
the customer may specify the content of the memory. 


Address Inputs: 


Words are numbered O through 255 and are addressed using 
sequential addressing of Address leads AO through A7 with AO 
as the least significant digit. 

Logic ‘'0” is defined as a “‘low’’ Address input (Vj, ). 

Logic ‘'1” is defined as a ‘‘high’’ Address input (Vj }4). 


ADDRESS ; 
A7 A6 ; Ad A4 | A3 | A2 | Al AO 
0 i] 


0 
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VMICM 14524 (continued) 


Two methods may be used to transmit the custom memory 
pattern to Motorola. BINARY TO HEXA- 
DECIMAL CON- 
VERSION TABLE 


BINARY 


METHOD A: PUNCHED COMPUTER CARDS WORD 
DESIRED |CHARACTER 


o 
jo) 


A binary coded decimal equivalent of each desired output may 
be punched in standard computer cards (four cards are required 
for all 256 words) in numerical (word number) order. 64 words 
per card are punched in columns 12 thru 75 using the Binary to 
Hexadecimal conversion table. Columns 77 and 78 are used 
to number the cards, which must be in numerical order. Please 
use characters as shown in the table when punching computer cards. 


ere Oo0o00}j-H---/o0Cce 
= -O00/--o00/]/-—-o00]--0 
—-O-o0l-o-o0!}]-o0-0/-c0- 


ROM SAMPLE WORD PROGRAMMING FOR PUNCHED CARD 


- SAMPLE WORD 
user | a7 | as | as | a 
wowace | a7 | as [as | ne | as | na | at | a0 | os | 62 | ot 


0 
Shown in columns 
2 12 — 15 on card 
3 below 
Card 
WORD NUMBER No. 


01234 56789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 01 
Ee : 


09 1G TT 12:13 14:15 16 17 16 18 202 : HV 12-13:14-75:16 17 78 79 80 


SETEEEEEEESIRRTOEE eeeeee te 
2222782222222 22222222222222222222222 
3333399333390N993933393339993339333999933999393999339333399933399999333939993933 
HAAAAAAAAAAAAAASAAAAAGAAAAAGAGGAAAAAAAAAAGAAAAAGGGASAAA4A AAG 444444444444444454444 
SSSSSSSSSSS SSS SSS SSS SSS SSS SSS S SSS S SSS S SSS S SSS SS SSS SSS S SSS S SSS SS SSSSSHSSSSSSSSSSS 
SESEEEEEGECCESESECEECESEFEEECEBG CEC EESEH EEE GEGEE6ECECGEBEECE6GG6GESG6ECGGESE6E 6666 
TEREEEETELELEIETELEREEELELEREEEELEEEEETEEEEEEEEEIEEREL IEEE EEEEEEEEESEEEE EERE EE 
TITTLE LEE LLL ELL ELLE LEE ELE LEE ELLEEE EEL LLL 


$9399999999999999999999999999999999999999999999999999999999999999999999999 
1 


$ 1819 12:13:14 15 16 17 18 19 28 28 22 23 24 25 26 27 28 


3Y 32 33-34-35 36 37 38-39-40 41 42 45 44 45 46 47 48 49 50 51 $2 5354-55 56 57 5B 59 GO G7 2 63 G4 65 BS ET £3 69 10 71 72:13:14 75 16 77 78 79:88 
STANDARD FORM 5081 
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MICM 14524 (continued) 


METHOD B: TRUTH TABLE | 


When filling out the 


Use of the truth table presents a simple and direct way to input 
"1" for a high, and a ‘‘0”’ for a low. 


the memory pattern desired to Motorola. 


table please use a 


CUSTOM PROGRAM for the MCM14524 Read Only Memory 


kK EAE ed Ar te lials ahcd 

Nf ofelalla to ool s opal P latte tenes a se paiaii| lelg 
Be Sie Gi aa Ue ie bale be ar taiaels 
rae ° t t t+] |o olelalols|o 
= NINTNINININTININENININ ITN TNTNENINENEN ENT N ENT N ENT NIN IN INITNIN IN EIN INI NEN IN EN IN IN IN INI NIN TN IN EN NINEN TNE NEN 


2c Pe ReR SERS Eee REESE RRR SRE REO REARES ERS 
eee eee eee eee REE RRR 
eee es yee aber) Spey ae titan ete ey 


alo N Alo nN Oleininistlwmloln|laola NIM woln|o alo N 
io | io 10 wo1o re) mIRIRERIR IST RRR ER co | co 00 | co | co alan ron) 


eR RRR ReR ERR ER RRRRE AAR AAR REC ERE RRR RARREREEE 
~ eae eee eee eRe REA Te ATL ERR ERR ERR ERR AREES 
ee Ue Me TIT Pees ele Sp eve leads Ne hee eel ei ois 


10 
11 


12 


am ENTS orm OLOl(e INOS; Orme t ola NEO Ss : 
NI NEN NEN NEMPMOPMOPMOPMOL MPM) M1 Mm? o viv t+ 
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VMICM14524 (continued) 


PACKAGE DIMENSIONS 


L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


oil MILLIMETERS INCHES 
| MIN | MAX | MIN | 


OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION 
2 PKG. INDEX: NOTCH IN LEAD 
i | 0.125 | - NOTCH IN CERAMIC OR INK DOT 


3 DIM “L" TO CENTER OF LEADS 
was ms WHEN FORMED PARALLEL 
N 
LL ae g be alle: K 
is E 


D SEATING 
PLAN 


| MIN | MAX | noTes: 
1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 
2. PKG. INDEX: NOTCH IN LEAD 
Devices packaged in Case 620 fall NOTCH IN CERAMIC OR INK DOT. 


chi : 3. DIM “A” AND “B” DO NOT 
within one of the given sets of dimen- INCLUDE GLASS RUN-OUT. 


sions. Further identification is available 4. DIM “L’ TO INSIDE OF LEADS (MEASURED 
: . 0.51 mm (0.020) BELOW BODY) 
upon request. 


1.02 
CASE 620-04 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


CASE 648-03 


NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

. DIMENSION “L” TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 
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YSTEM MEMORIES 


The M6800 family of parts has been designed to set the standard for microcom- 
puter system architecture. Included in this family are a number of Random Access 
Memories and Read Only Memories to fill the needs of a variety of applications. 
Both static and dynamic memories are available. 


Access Power 

Device No. of Time Supplies 

No. Bits Description Organization | (ns max) (V) 
RANDOM ACCESS MEMORIES (Silicon Gate NMOS) 
MCM6810A 1024 | Static , 500 +5 
MCM68111A Static, Common t/O and Output Disable 450 +5 
MCM68112A 1024 | Static, Common !/O 450 +5 
MCM6815A 4096 Dynamic 4096 x 1 300 +12, +5, -5 
MCM6815A2 4096 Dynamic 4096 x 1 200 +12, +5, -5 

READ ONLY MEMORIES (Silicon Gate NMOS unless otherwise noted) 

MCM6830A* Mask-Programmabie 1024 x 8 +5 

MCM68317*# Mask-Programmable 2048 x8 +5 

MCM6832* t Mask-Programmable 2048 x 8 +12, +5, -5 
MCM68708# Alterable 1024 x8 +12, +5, -5 


- 24 4-3 
18 4-7 
16 4-11 
‘22 |677,708]| 4-15 
22 |677,708| 4-15 


' *Mask-programmable ROMs are manufactured according to a bit-pattern supplied by the customer. A special device number (SCMxxxx) is assigned 
to each individual pattern. : 
#To be announced 
tMetal Gate NMOS 
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re 


MCM6810AL 


Advance Information MOS 


(N-CHANNEL, SILICON-GATE) 


128 X 8-BIT STATIC 
RANDOM ACCESS 
MEMORY 


128 X 8-BIT STATIC RANDOM ACCESS MEMORY 


The MCM6810A is a byte-organized memory designed for use in 
bus-organized systems. It is fabricated with N-channel silicon-gate 
technology. For ease of use, the device operates from a single power 
supply, has compatibility with TTL and DTL, and needs no 
clocks or refreshing because of static operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing random: storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. 


Organized as 128 Bytes of 8 Bits 
Static Operation 
Bi-Directional Three-State Data Input/Output 


CERAMIC PACKAGE 
Six Chip Select Inputs (Four Active Low, Two Active High) CASE 684 
Single 5-Volt Power Supply 
TTL Compatible 


Maximum Access Time = 500 ns 


PIN ASSIGNMENT 


ABSOLUTE MAXIMUM RATINGS (See Note 1) 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


M6800 MICROCOMPUTER FAMILY MCM6810A RANDOM ACCESS MEMORY 
BLOCK DIAGRAM BLOCK DIAGRAM 


MC6800 
Microprocessor 


fe dh eee 
Memory 


Adapter 


"| Access — 
. Memory: 
of interface 


Memory Address 
and Control 


Address Data 
Bus Bus 
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MCM6810A (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS 


Supply Voltage 
Input High Voltage 


Input Low Voltage 


DC CHARACTERISTICS 


Characteristic 


Input Current (An, R/W, CSp, CSp) 
(Vin = 0 to 5.25 V) 


Output High Voltage 
(IoH = -205 nA) 
Output Low Voltage 
(lo, = 1.6 mA) 
Output Leakage Current (Three-State) 
(CS = 0.8 V or CS = 2.0 V, Vout = 0.4 V to 2.4 V) 


Supply Current 
(Voc = 5.25 V, Ta = 0°C) 


CAPACITANCE (f = 1.0 MHz, Ta = 25°C, periodically sampled 

rather than 100% tested.) This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 


Input Capacitance C; 


norma! precautions be taken to avoid application 
of any voltage higher than maximum rated volt- 
ages to this high-impedance circuit. 


BLOCK DIAGRAM 


3-State 


Address Buffer 


Decode 


oman nDnoBWHND 


Memory 
Control 


16R ead /Write 


Vec = Pin 24 
Gnd = Pin 1 
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MCM6810A (continued) 


AC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature unless otherwise noted.) 


RECOMMENDED AC OPERATING CONDITIONS FIGURE 1 — AC TEST LOAD 


| Parameter Twin 


5.0 V 


Symbo! 
x 


R_=2.5k 


Test Point MM0D6150 
or Equiv 


130 pF* 
MMD7000 
or Equiv 


Symbol 
Read Cycle Time 


Data Hold from Address 


Address 4 ae ¥ 


\ 
\ 
\ 
‘ 
\ 
\ 
\ 
\ 


= 
S 


—— tDOHA 
toOHD —a 


t— TOHW —a 
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MCM6810A (continued) 


WRITE CYCLE (All timing with t, = ts = 20 ns, Load of Figure 1; Input pulse levels = 0.8 V to 2.0 V) 


Characteristic 


Sine 
eye) | 500 
ee 
ae a 


Data Hold Time 


WRITE CYCLE TIMING 


teyc(W) 
Address C| aa : > 4 


tas <_§———————___—_—_—_—— tCS TAH 


Law 


ty. ———_————2» 


Data In 


Wx... \ MMdddd 
VLLLLL, = Don’t Care 


PACKAGE DIMENSIONS 


NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE WITH MAXIMUM 
MATERIAL CONDITION. 

. LEAD NO. 1CUT FOR 
IDENTIFICATION, OR. 
BUMP ON TOP. 

.DIM"L" TO INSIDE 
OF LEADS. (MEASURED 
0.51 mm (0.020) BELOW 
PKG BASE) 


MILLIMETERS INCHES 


ni K 
ae 3 
- 


SEATING PLANE CASE 684-04 


Product Preview 


256 x 4-BIT STATIC RANDOM ACCESS MEMORY 

The MCM68111A is a 256 x 4-bit static RAM designed for use in 
bus-organized systems. It is fabricated with high-density, high-relia- 
bility, N-channel, silicon-gate, depletion load technology. For ease of 
use, the device operates from a single power supply, is directly com- 
patible with TTL and DTL, and requires no clocks or refreshing 
because of static operation. 


The memory is compatible with the M6800 Microcomputer 
Family, providing random storage in 4-bit increments. Memory 


expansion is provided through two Chip Select inputs. 
1024 Bits Organized as 256 x 4 

Static Operation . 

Bi-Directional Three-State Data Input/Output 

Two Chip Select Inputs for Memory Expansion 
Output Disable 

Single 5-Volt Power Supply | 

Direct TTL/DTL Compatibility 

Maximum Access Time = 450 ns 


ABSOLUTE MAXIMUM RATINGS (See Note 1; Referenced to Vgc) 


65 to +150 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


Storage Temperature Range 


M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 


Read Only 
Memory 


Interface 
Adapter 


Address Data 
Bus Bus 


This is advance information and specifications are subject to change without notice. 
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MCM68111AL 
MCM68111AP 


MOS 


(N-CHANNEL, SILICON-GATE, 
DEPLETION LOAD) 


256 X 4-BIT STATIC 
RANDOM ACCESS 
MEMORY 


with Common Data Inputs/Outputs 
and Output Disable 


L SUFFIX 
CERAMIC PACKAGE 
CASE 680 


P SUFFIX 
PLASTIC PACKAGE 
CASE 707 


MCM68111A RANDOM ACCESS MEMORY 


BLOCK DIAGRAM 


Memory Address 
and Contro! 


MCM68111A (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vss). 


Input Leakage Current 
(All Inputs; Vip = Oto 5.25 V) 
Output Leakage Current (Three-State) 
(CS=2.0V, Vout = 0.4 to 2.4 V) 


Output Low Voltage 
(OL = 1.6 mA) 


Power Supply Current 
(Ta = OC, Vee = 5.25 V) 


Characteristic 
Input/Output Capacitance 
(Vivo = OV, f = 1.0 MHz, Tp = 25°C) 
Input Capacitance, Other Inputs 
(Vin = OV, f = 1.0 MHz, Tp = 25°C) 


AC CHARACTERISTICS 
(All timing with ty = t¢ = 20 ns; Load of Figure 1) 
READ CYCLE (Input pulse levels = 0.8 V to 2.0 V) 


Characteristic 


| 


MmCkunie = ee 
[Address Setup Time ——SSSCSC~C~—CSCSCSCSCS tas 


WRITE CYCLE (Input pulse levels = 0.8 V to 2.0 V) | 


[Address Hold Time SSS 
Fadaress to Write Release SSS tr 
Pwrite Pulse Wath SSCS tw 
a 
[Date Hold Timed tO 
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MCM68111A (continued) 


FIGURE 1 — AC TEST LOAD 


MM0D6150 
or Equiv 


Test Point 


130 pF* 


MMD7000 
or Equiv 


Address 


Oe ODay ODLLLLLLE 


3-State 


FIGURE 3 — WRITE CYCLE TIMING 


teve(W) 


a 


tas |j<— ‘es TAH 


GS1, CS2 Gye 08 Vv 


Output aaa 
OV 
Disable * ae 


TaAwWR 


e —— EZEExxxxz9EEQA 


| LP: PYLLLLL Z Z 

WLLL eet aes * Output Disable may be hard-wired to Vgg and left unused. If this is done, R/W = Vi 
is used to insure a three-state !/O buffer before valid data input is required for a write 
cycle. Using the timing shown, 20 ns is allowed between the three-state condition and 
Data In [tw - tos - (toHw max) = 300 - 190 - 90 = 20 ns}. This time may be 
extended by widening tw. 


MCM68111A (continued) 


DESCRIPTION OF BUS INTERFACE EXPANDED BLOCK DIAGRAM 


The MCM68111A is compatible with the M6800 bus. 

The high-impedance address inputs offer low leakage cur- 

rents and low capacitance. They are readily connected to 

the address bus. The CS inputs, R/W, and Output Disable 

also offer these advantages. ee 
The MCM68111A uses a three-state 1/O buffer, allowing 

the memory to be connected to the data bus. The |/O 

buffer will be at a high impedance state when the memory 

is either deselected (CS = Vj), is in the write mode 

(R/W = Vii), or the output is disabled (OD = Vj). 

During this time, the |/O ports exhibit low leakage currents 

and low capacitance. When the memory is selected, Select 

outputs enabled, and in the read mode (R/W = Vj), the 

1/O buffers will actively drive the data bus to its proper 

levels. 


Vee = Pin 18 
Vss = Pin 8 


PIN This device contains circuitry to protect the 

inputs against damage due to high static voit- 

ASSIGNMENT ages or electric fields; however, it is advised that 

normal precautions be taken to avoid applica- 

tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


1 
2 
3 
4 
:) 
6 
7 
-8 

9 


PACKAGE DIMENSIONS 


Li 
NS 


SEATING PLANE M 


MILLIMETERS] INCHES | 


1. LEADS WITHIN 0.13 mm (0.005) RADIUS 


OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

2. NOMINAL DIM FROM CENTER OF LEADS 
PARALLEL TO DIM “L” IS 7.62 mm (0.300"). 


.040 


CASE 680-04 
CASE 707-01 
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MCM68112AL 
MCM68112AP 


MOS 


(N-CHANNEL, SILICON-GATE) 


Product Preview 


256 x 4-BIT STATIC RANDOM ACCESS MEMORY 


The MCM68112A is a 256 x 4-bit static RAM designed for use in 
bus-organized systems. It is fabricated with high-density, high-relia- 
bility, N-channel, silicon-gate technology. For ease of use, the device 
operates from a single power supply, is directly compatible with TTL 
and DTL, and requires no clocks or refreshing because of static 
Operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing random storage in 4-bit increments. Memory 
expansion is provided through a Chip Select input. 

1024 Bits Organized as 256 x 4 

Static Operation 

Bi-Directional Three-State Data Input/Output 

Chip Select Input for Memory Expansion 

Single 5-Volt Power Supply 

Direct TTL/DTL Compatibility 

Maximum Access Time = 450 ns 


256 X 4-BIT STATIC 
RANDOM ACCESS 
MEMORY 


L SUFFIX 
CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


ABSOLUTE MAXIMUM RATINGS (See Note 1; Referenced to Vgc) PIN ASSIGNMENT 


Rating Sot [ates [a 
7 


Operating Temperature Range | Ta | Oto+70 | 
Storage Temperature Range -65 to +150 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


M6800 MICROCOMPUTER FAMILY MCM68112A RANDOM ACCESS MEMORY 
BLOCK DIAGRAM BLOCK DIAGRAM 


MC6800 
Microprocessor 


ee Read Only 


Memory 


Interface 
Adapter 


Interface 


Adapte Memory Address 
r 


and Control 


Address Data 
Bus Bus 


This is advance information and specifications are subject to change without notice. 
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MICM68112A (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vso). 


Input High Voltage 


DC CHARACTERISTICS | . 


[Characters ——SSSCSCS~SC*d~C et] 

Input Leakage Current | | ; oe | 
(All Inputs; Vin = 0 to 5.25 V) 

Output Leakage Current (Three-State) _ | Loe 
(CS = 2.0 V, Vout = 0.4 to 2.4 V) 


Output High Voltage 
(loH = -205 uA) 


| Output Low Voltage 


Input Low Voltage i Vit fe oot 


(lo, =1.6 mA) 


lin 
ILO 
Power Supply Current ) ) _ lec 
(Ta = 0°C, Vcc = 5.25 V) 
CAPACITANCE (Periodically sampled rather than 100% tested.) 


Symbol__[ Min [Typ 


Input/Output Capacitance Cio 


(Vi/O = 0 V, f = 1.0 MHz, Ta = 25°C) 


Input Capacitance, Other Inputs | Ce 
(Vin = 0.V, f = 1.0 MHz, Ta = 25°C) | 


AC CHARACTERISTICS 
(All timing with ty = t¢ = 20 ns; Load of Figure 1) 
READ CYCLE (Input pulse levels = 0.8 V to 2.0 V) 
| Characteristic 


Data Hold Time 


MCM68112A (continued) 


FIGURE 1 — AC TEST LOAD 


ut vag K | 3State. | 
aoe Eee) 
0.8 QLLLL2 | 


RYO 08 J | 2.0 Vv 


MCM68112A (continued) 


DESCRIPTION OF BUS INTERFACE EXPANDEDIEECe eIpena™: 
The MCM68112A is compatible with the M6800 bus. 

The high-impedance address inputs offer low leakage cur- AO % 

rents and low capacitance. They are readily connected to Al 3 

the address bus. The CS and R/W control inputs also offer eas acs 

these advantages. 
The MCM68112A uses a three-state 1/O buffer, allowing AS , 

the memory to be connected to the data bus. The 1/O A4 15 


buffer will be at a high impedance state when the memory 


is either deselected (CS = Vi) or is in the write mode ies 5 


_(R/W = Vj). During this time, the 1/O ports exhibit low 02 10¢ ae , a ernie 
leakage currents and low capacitance. When the memory is 1/0 3 11 ne = Select 
both selected and in the read mode (R/W = Vj}4), the 1/O VO4 12 


buffers will actively drive the data bus to its proper levels. Vec = Pin 16 
Vss = Pin 8 


13 14 5 6 7 
cS = R/W A5 A6 AT 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


PACKAGE DIMENSIONS 


CASE 620-04 CASE 648-03 


: 
ae secs Neg usta i, Sent 
PLANE 

tan MILLIMETERS| INCHES | NOTES: 

| MIN | MAX | MIN [ MAX | notes: 1. LEADS WITHIN 0.13 mm 
| a | 19.05] 19.94| 0.750! 0.785 | 1. LEADS WITHIN 0.13 mm (0.005) RADIUS (0.005) RADIUS OF TRUE 
eT e101 7.491 0.2401 0 295 OF TRUE POSITION AT SEATING PLANE POSITION AT SEATING 
Ce] - [ 508! - | 0.200] AT MAXIMUM MATERIAL CONDITION. PLANE AT MAXIMUM 

2. PKG. INDEX: NOTCH IN LEAD MATER 

YD | 0.38] 0.53] 0.015 | 0.021 | |AL CONDITION. 


FT 1.401 1.78 1 0.055 10.070 NOTCH IN CERAMIC OR INK DOT. 


Gc PS4Bse  t OtO0BSC PO uriane tine Gon 2. DIMENSION “L” TO 
| 0.020 | 0.045 | 


CENTER OF LEADS 
WHEN FORMED 
PARALLEL 


INCLUDE GLASS RUN-OUT. 

4. DIM’L” TO INSIDE OF LEADS 
(MEASURED 0.51 mm (0.020) BELOW 
BODY) 
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Advance Information 


4096-BIT DYNAMIC RANDOM ACCESS MEMORY 


The MCM6815A is a 4096 x 1-bit dynamic RAM designed for use in bus- 
organized systems. It is fabricated withahigh-density, highly-reliable, N-chan- 
nel, silicon-gate technology. Except for the high-level Chip Enable clock, all 
inputs are TTL compatible. The output is three-state TTL compatible. 

Refresh of the entire memory can be accomplished by sequentially cy- 
cling through addresses AO-A4 (32 cycles) a maximum of every 2.0 ms at 
70°C ambient temperature. For standby operation, considerable power can 
be saved by refreshing every 10 ms at 50°C ambient temperature. In addi- 
tion, widened power supply tolerances are allowed during standby. 

The MCM6815A is an ideal Random Access Memory for the M6800 
Microcomputer Family, operating well within the timing requirements of 
the system. Memory expansion is provided for through a Chip Select input. 


@ Organized as 4096 Words of 1 Bit 


L2,P2 L,P 
@ Maximum Access Time = 200 ns 300 ns 
®@ Minimum Read Cycle Time = 360 ns 470ns 
@ Minimum Write Cycle Time = 490 ns 590ns 
® Minimum Read-Modify-Write Cycle Time= 490ns 590ns 
@ Low Power Dissipation 


335 mW Typical (Active) 
550 uW Typical (Standby with Refresh at 50°C) 

Easy Refresh — Only 32 Cycles Every 2.0 ms at 70°C or Every 10 ms 
During System Standby at 50°C 

TTL Compatible 

3-State Output 

Address Latches On Chip 

Power Supply Pins on Package Corners for Layout Simplification 

Typical Applications: 
Main Memory 
Buffer Memory 


Peripheral Storage 
Non-Volatile Memory System 


M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 


MC6800 
Microprocessor 


terface 
dapter 


oo Interface a 
: Adapter a 


Address Data 
Bus Bus 


This is advance information and specifications are subject to change without notice. 
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MCM6815A L/L2 
MCM6815A P/P2 


MOS 


(N-CHANNEL, SILICON-GATE) 


4096-BIT DYNAMIC 
RANDOM ACCESS 
MEMORY 


L SUFFIX 
CERAMIC PACKAGE 
CASE 677 


P SUFFIX 
PLASTIC PACKAGE 
CASE 708 


MCM6815A RANDOM ACCESS MEMORY 
BLOCK DIAGRAM 


Memory Address 
and Control 


MCM6815A (continued) 


| Value 
-0.3 to +20 


NOTE 1: This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, permanent device damage may occur if 
ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to RECOMMENDED OPERATING CONDITIONS. Exposure to higher 
than recommended voltages for extended periods of time could affect device 
reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vgs). 


Supply Voltage 


Logic Levels ” 
Input High Voltage (A,, Din, R/W, CS) 


Input Low Voltage (An, Din, R/W, CS) 


Chip Enable High Voltage : 
i Chip Enable Low Voltage . : iL 208: | 


DC CHARACTERISTICS 


ak Characteristic 


Input Current (An, Din, R/W, CS, Preset) 
(Vin = OtO Vpp + 1.0 V) : 


Input Chip Enable Current 
(Vin = OtoVpp+1.0V). 
Output High Voltage 
(Iq = -100 uA) 
Output Low Voltage 
(to = 2.0 mA) 


Output Leakage Current __ 
(Vo = 0.45 V to Vcc, CE = VceL, or CS = Vyyy) 


Average Supply Current, Active Mode 
(Teyc(W) = min) 


“Supply Current, Standby Mode 
(CE = VceL) 


EFFECTIVE CAPACITANCE (Test Circuit of Figure 1, full operating voltage and temperature range, 
periodically sampled rather than 100% tested.) 


Characteristic 


Output Capacitance | = Cou tlEFF) 
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MCM6815A (continued) 


FIGURE 1 — MEASUREMENT OF EFFECTIVE CAPACITANCE 


Pulse Generator Calibration 
EH123A or Equiv. Capacitors 
Tek tronix ao 

567 or Equiv. = 


Effective capacitance is determined by comparing the rise time 
of the voltage waveform at a particular pin to that measured with 
known values of capacitance. Scope calibration points are deter- 


mined by using the rise times obtained with the empty socket and 

Empty standard capacitor values as references. 

Socket The device under test (DUT) is inserted into the test socket 
and normal operating power supplies applied. All input pins, 
except that being measured, are grounded. The effective capaci- 
tance of the desired pin can then be read directly from the scope. 


Measurement 
Input Pulse Level 


RECOMMENDED OPERATING CONDITIONS FOR STANDBY WITH REFRESH 
(Refresh cycles only, all other parameters unchanged.) 


Parameter 
Supply Voltage 


Time Between Refresh (Ta = 50°C) 


AC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature unless otherwise noted.) 


OPERATING MODES 


Active (CE = High) 
Read Only 
Read/Write 


Write Only 


Read Refresh | Valid > Floating 
Refresh Only Floating 
Chip Disable (Unselected) pone 


X = Don't Care 


RECOMMENDED AC OPERATING CONDITIONS (Read, Write, and Read Modify Write Cycles) 


Para meter 


[Address Setup Time | | (ORE aes eee cae 
Address Hold Time CN SN ET? 


CE Pulse Transition Time a a 


tes cae ae 
ecm [ms 
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MCM6815A (continued) 


AC CHARACTERISTICS 
[All timing with ty = 20 ns; Load = 1 TTL Gate (MC74HO0 Series), Cy = 50 pF (effective)] 


READ CYCLE (R/W = ViH, CS = Vit?! 


| MCM6815AL,P | MCM6815AL2,P2 


Chip Enable On Time 
Chip Enable to Output Delay _ 
Read Access Time 


READ CYCLE TIMING 


TAN 


+ tace es 
MAY) ae cal 


MCM6815A (continued) 


WRITE CYCLE (R/W = Viz, CS= Vi) 
REFRESH CYCLE (R/W = Vj, CS = Vi) 


Write Pulse Width 


Read-Write to Chip Enable Separation Time 


Data Delay Time 
Data Hold Time 


WRITE AND REFRESH CYCLE TIMING 


ee Toy c(W) 


Address 


Chip Select 


Read/Write 


Data in 


VoL 
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MCM6815A (continued) 


READ-MODIFY-WRITE (R/W = Vijy>Vj_, CS = ViL) 
READ REFRESH (See Note 1) 


Read-Write to Chip Enable Separation Time 


Chip Enable to Output Delay 


Read Access Time 


Note 1: A read refresh cycle is possible by bringing CS high after output data 
is valid and then bringing R/W low to the write position. 


READ MODIFY WRITE TIMING 


i: ak eam a a ee ES ANE asta eres 
Vil 
Address Stable Address 
ViL 
tase Ke——taH —>|*t}— tT he 
VCEH 
Vien 20s See 
Chip Enable 
20 Vee Sees 
VCEL tesp 
: tre 2 
VIH SH 
f\ 
Vib FN NS EN 
Vv . eee 
a a \ 
Read/Write \\ 
' YY 2 : f 
Vi ; K\ \ : a) ini 
[tRwo-» Nom tDOH fe 
ViH . 
Vie 
VOH ae 
20V —]—]— — -- + — a rang | 
Data Out ——___— es ———____-_——-Valid Floating ———_—_—__—_p» 
0.8V — — Sse 
VOL : Se Se a SS 


— Don’t Care 
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MCM6815A (continued) 


TYPICAL CHARACTERISTICS CURVES 


FIGURE 3 — ACCESS TIME versus AMBIENT TEMPERATURE 


ACCESS TIME versus Vpp 


FIGURE 2 — 


! 2 


pars 
[oe o> Os OO oo =) 


aWil $$399V GAZIIVWYON 


es Ok ee ae a ee a 
3 
fanaa 


wo 
_ 
— 
— 
Rat ese steal ine) 


~ 9 NY = OR ey & me 


AWIL SS399V O3ZIIVWHON 


Ta, AMBIENT TEMPERATURE 


Vpp, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — Ipp SUPPLY CURRENT versus CYCLE TIME 


FIGURE 4 — Ipp SUPPLY CURRENT versus Vpp 


4 
100 


=min 
(0 0 ies 


LTT] tCe 
, 
10 


ia 


i=) 


—_ 

= 

(=) 
fon) 


2 
| 


i) 


on oT NO Oo Se et A 


INFHHND ATddNs OG) GaZIVWHON 


toye, CYCLE TIME (us) 


Vpp, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — Ipp SUPPLY CURRENT 


FIGURE 7 — REFRESH TIME versus AMBIENT TEMPERATURE 


versus AMBIENT TEMPERATURE 


ae 
as 


oO fo em fr ee te MOON = 
- oO fo fF fobo.hChUCUUCUCOUCSWCDWCUCO 


LN3YHND AlddNs ‘901 O3ZI0VWHON 


Ta, AMBIENT TEMPERATURE (°C) 


Ta, AMBIENT TEMPERATURE (°C) 
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MCM6815A (continued) 


TYPICAL SUPPLY CURRENT TRANSIENT WAVEFORMS 


FIGURE 8 — CHIP ENABLE VOLTAGE 


“0 100 200 300 400 500 
t, TIME (ns) 


ipp, SUPPLY CURRENT (mA) 
r=} 
icc, SUPPLY CURRENT (mA) 


0 100 200 300 400 500 “405 100 200 300 400 500 
t, TIME (ns) t, TIME (ns) 


FIGURE 11 — igg SUPPLY CURRENT FIGURE 12 — ice SUPPLY CURRENT 
80 
60 


igg, SUPPLY CURRENT (mA) 
—) 
ice, SUPPLY CURRENT (mA) 


0 100 200 300 400 500 “40 100 200 — 300 400 500 
t, TIME (ns) t, TIME (ns) 
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MCM6815A (continued) 


BLOCK DIAGRAM 


A10A9A8 A7AEB AS 


Chip 20 1918 
Enable © ie 7 Rs 

O2 

Read/Write 14 @3 


Bit Sense Lines 


Al 210 
A3 20 
wn 
oO 
& 
J 
i+} 
n 
c 
rc) 
(09) 
© 
co 
Preset 3 0 


Dataln 40 
Chi 

co 

Select 


FUNCTIONAL DESCRIPTION 


The MCM6815A 4096-bit dynamic RAM uses a three 
transistor storage cell in an inverting cell configuration. 
The single high-level clock (Chip Enable) starts an internal 
three-phase clock generator which controls the read and 
write functions of the device. The @1 signal, which is high 
when CE is low (standby mode), preconditions the nodes 
in the dynamic RAM in preparation for a memory cycle. 
The $2 signal, which comes on as CE goes high, is the read 
control and transfers data from storage onto bit sense 
lines. The $3 signal, which comes after ¢2 only during a 
write or refresh cycle, transfers data from the bit sense 
lines back into storage. The $3 signal occurs only if the 
R/W input is low. 

To perform a read cycle, CE is brought high to 
initiate a @2 signal and latch the input addresses. The 
column decoders select one column in each of the four 
storage quadrants (see the block diagram) and transfers 
data from storage onto the 128 bit sense lines. The row 


ADA2A4 
17 16 15 1310 9 
0 9 O 0090 


Bit Sense Lines 


Bit Sense Lines 


7 Data Out 


ee. O 


All Vgg = Pin 12 
VeBB= Pin 1 
Vcc= Pin 11 
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decoder selects one of these 128 bit sense lines for read 
and write operations. During the @2 signal, the data on 
this selected bit sense line is Exclusive ORed with the state 
of the appropriate data control cell to supply the correct 
output data. After this data is received by the external 
system, CE may be brought low to the standby position. 
This assumes that the R/W signal is held high to prevent 
an internal ¢3 being generated. 

To perform a write or refresh operation, CE is brought 
high and everything is identical to a read operation up 
until the 128 bit sense lines are charged with the selected 
columns of stored data. When R/W is brought low (if it is 
not already there), a $3 signal is generated after 2 is over. 
The $3 signal takes the data from the 128 bit sense lines 
and returns it to the 128 storage locations it came from. 
Because of the design of the memory array, this 2-63, 
read-write operation inverts the data. Therefore, one extra 
row of memory cells, called data control cells, is used to 


MCM6815A (continued) 


keep track of the polarity of stored data in order to be 
able to correctly recover it. During the write operation, 
the input data is Exclusive ORed with these control cells 
before being stored in the array. A refresh cycle does not 
modify any of the bit sense lines, but simply returns the 
data (now inverted) into storage. . 
All timing signals for the MCM6815A are specified 
around these operations. The following is a brief descrip- 
tion of the input pins and relevant timing requirements. 


Chip Enable — CE is a single high level clock which ini- 
tiates all memory cycles. CE can remain low as long as 
desired for specific applications as long as the 2.0 ms re- 
fresh requirements are met. 


Chip Select — This signal controls only the !/O buffers. 
When CS is high, the input is disconnected and the output 
is in the 3-state high-impedance state. A refresh cycle is, 


therefore, a write cycle with CS high. CS has no critical 


timing with respect to any other signal except that there 
isa finite delay between activation and data out. 


Read/Write — When high, R/W inhibits the internal $3 
signal, thereby keeping the memory from writing. When 
R/W is low, a $3 will occur soon after $2 is finished. For a 
read cycle, R/W should be high within trwp of CE to 
insure that a $3 does not start. The only timing require- 
ment on the R/W input for writing is a minimum write 
pulse defined as the overlap of CS, CE, and R/W. Refresh 
cycles require that CS be high to inhibit the input buffer 
before a $3 occurs. Thus CS should be high within tcsp 
for a refresh cycle, or before R/W goes low for a read- 
refresh cycle. 


Data In — The input data must be valid for a sufficient 
time to override the data stored.on the selected bit sense 
line. It must remain valid for the ‘‘write pulse’’ defined 
under Read/Write. Signals on the Dj, pin are .ignored 
when either CS or R/W is high, or CE is low. 


Data Out — Output data is inverted from input data and is 
valid tacc after CE goes high. The data will remain valid 
as long as CE is high and CS remains low. With either CE 
low or CS high, the output is in a high-impedance state. 
The data output ts initially precharged high when CE goes 
high and is then either discharged to ground or left high 
depending on the stored data. This precharging followed 
by valid data occurs regardless of the state of the R/W 
input, making the write cycle actually a read-write cycle. 
The output will also try to precharge during a refresh cycle 
but will be kept at high impedance by the CS being high. 
If CS is originally low and is then brought high (within 
the tcsp. specification) the output may start to precharge 
before being cut off and returned to high impedance. 


Addresses — The addresses are latched when CE goes high, 
and may be removed after an appropriate hold time. 


Vss — Circuit ground. 
-VBp — The reverse bias substrate supply. Forward biasing 


this supply with respect to Vss will destroy the memory 
device. 


Vpp — Positive supply voltage. 
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Vee - Output buffer supply. This supply goes only to 
the data output buffer and draws current only when 
driving an output load high. 


Preset — This pin should be tied to ground. During device 
testing Preset can be used to preset the data control cells 
to a logic zero. One 200 ns, 12 V pulse will set all 32 cells 
simultaneously. Preset has no system use; its only purpose 
is to ensure a good logic level in the control cells after 
first power up. In system use, this good logic level will 
come naturally after the first few refresh cycles. 


APPLICATIONS INFORMATION 


Power Supplies 

The MCM6815A is adynamic RAM which has essentially 
zero power drain when in the standby (CE low) mode. 
When operating, the Vpp supply may experience transients 
in the order of 100 mA for a short time (Figure 9). The 
VBp supply, which has very low dc drain while operating, 
may see transients of about 40 mA during the edges of CE. 
Therefore, appropriate bypassing of both supplies is recom- 
mended. This bypassing has been simplified by the location 
of the power supply pins on the corners of the package. 

The Vcc line supplies only the input leakage of a 
TTL load on Data Out and should never exceed about 
100 WA, presenting little bypassing requirement. 

Power dissipation for a system of N chips is much 
lower than N times the 335 mW typical dissipation for a 
full speed operating chip. This is because the unselected 
rows in a memory array card are operating in the standby 
mode of near zero dissipation. This zero standby power Is 
actually unachievable because of the requirements for 
refresh. Therefore, power dissipation for an array of 
N X M chips operating at tz cycle time, trEefF refresh 
increment, and maximum CE down time between cycles is: 


490 ns 
pPp=u(——] 335 mW + (N-1) inn 
ty ns 


15.7 
tREF Us 


For a 550-ns-cycle-time, 64 k by 16 system (16 by 16 
chip array) with refresh at 2.0 ms, the approximate power 
dissipation is: 


335mW 


ian 490 (35.7) 
Pp 16 (Zen) 335 + (15) (16) 5000 335 


~ 4775 mW + 630 mW = 5.4 W 


Asimilar one megabyte system, eight bytes wide, would 
have a dissipation of only 24 W. If the low standby 
power capability were not used, over 600 W would 
be dissipated. 


Refresh ; 

The MCM6815A is refreshed by performing a refresh (or 
write) cycle on each of the 32 combinations of the least 
significant address bits (AOQ-A4) within a 2.0 ms time 
period. (A5-A11. must remain constant at proper logic 
levels.) This refresh can be done in a burst mode (32 cycles 
starting every 2.0 ms) or ina distributed mode where one 
cycle is done every 62.5 us. 


MCM6815A (continued) 


A refresh abort can be accomplished by treating a 
refresh cycle as a read-modify-write cycle with CS high. 
This type of cycle can be aborted any time until the R/W 
signal has been brought low to allow a $3 clock to begin. 


Non-Volatile Storage 


In many digital systems, it is extremely important to 
retain data during emergencies such as power failure. 
Unfortunately, however, most random access read/write 
semiconductor memories such as the MCM6815A are 
volatile. That is, if power is removed from the semicon- 
ductor memory, stored information is lost. Therefore, 
non-volatility for a specified period of time becomes highly 
desirable — as a necessity to maintain irreplaceable infor- 
mation or as a convenience to avoid the time consuming 
and troublesome task of having to reload the memory. 

The extremely low standby power dissipation of the 
MCM6815A makes it ideal for main memory applications 
requiring battery backup for non-volatility. For example, 


the MCM6815A can be employed in an 8K byte non- 
volatile main memory system application for micropro- 


cessors. The memory system can be partitioned into three 
major sections as illustrated in Figure 13. The first section 
contains the address buffers and the Read/Write and Chip 
Select decoding logic. The second section consists of the 


data bus buffering transceivers and the memory array 
(which consists of 16 MCM6815As) organized into two 
rows of 4K bytes each. 

The third section of the block diagram comprises 
refresh and control logic for the memory system. This 
logic interfaces the timing of the refresh handshaking with 
the microprocessor (MPU) clock circuitry. It handles 
requests for refresh, the generation of refresh addresses, 
the synchronization of a Power Fail signal, the multiplexing 
of the external Memory Clock with the internal clock 
(used during standby), and the generation of a -5 V supply 
on the board using a charge-pump method. 

The refresh control logic ts illustrated in Figure 14. It 
handles the refreshing of the memory during both operating 
and standby modes. The timing for this logic is given in 
Figure 15. Figure 16 gives the memory timing for the 
standby mode only. Decoding of the memory clock (CEA 
and CEg) and the circuitry to synchronize the Power Fail 
signal are shown in Figure 17, with the timing given in 
Figure 18. 

The memory device clock (CEa and CEg) during stand- 
by is created by a monostable multivibrator (MC14528) 
and buffered from the memory array by three MC14503 
buffers in parallel. This clock is multiplexed with the 
Memory Clock by use of the three-state feature of the 


FIGURE 13 — NON-VOLATILE MEMORY SYSTEM BLOCK DIAGRAM 
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8K x 8 Memory Array 


16 MCM6815A 
2 Rows x 8 Columns 


Bee ee 


Data Buffers and Memory Array 


MCM6815A (continued) 


MC14503. The Memory Clock (used during normal opera- 
tion) is translated. to 12 V levels by use of an MC3460 
Clock Driver. Decoding of the CEg and CEg signals (i.e., 
clocking only the memory bank addressed) to conserve 
power is accomplished by the logic within the MC3460. 
Since the Power Fail signal will occur asynchronously 
with both the Memory Clock and the refreshing operation 
(Refresh Clock), it is necessary to synchronize the Power 
Fail signal to the rest of the system in order to avoid 
aborting a memory access cycle or a refresh cycle. An 
MC14027 dual flip-flop is used as the basic synchronization 
device. The leading edge of the Refresh Clock triggers a 
3 Ms monostable multivibrator which is used as a refresh 
pretrigger. The trailing edge of this pretrigger triggers a 
500 ns monostable which creates the CE pulse during 
standby operation. The 3 us pretrigger signal is used to 
set half of the MC14027 flip-flop, the output of which, 
6), then inhibits a changeover from the standby to the 
operating modes (or vice versa). This logic prevents 


the system from aborting a refresh cycle should the Power 


Fail signal change states just prior to or during a refresh 
cycle. The trailing edge of the 500 ns monostable clears 
the MC14027 flip-flop, enabling the second flip-flop in the 
package. The state of Power Fail and Power Fail is applied 
to the K and J inputs of this second flip-flop and is syn- 
chronized by clocking with Memory Clock. The outputs 
of this flip-flop, labeled Bat and Bat, lock the system into 
the refresh mode and multiplex in the internal clock for 
standby operation when Bat = ‘'1’’. The voltage to logic 
not required for the refresh only mode of operation is 
removed to conserve power. 

By using CMOS for the refresh logic and capacitance 
drivers, and a low current refresh oscillator, the standby 
current required for the 8K byte system is extremely 
small, as noted in Table 1. This low standby current 
requirement can be easily supplied for several days with 
standard type +12 V batteries. For more detailed informa- 
tion on this sytem and a large mainframe memory system, 
see Application Notes AN-732 and AN-740. 


FIGURE 14 — REFRESH CONTROL LOGIC 
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FIGURE 15 — REFRESH TIMING 
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MCM6815A (continued) 


FIGURE 16 — MEMORY TIMING IN STANDBY MODE 
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FIGURE 17 — POWER FAIL LOGIC AND CHIP ENABLE DRIVER 
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MCM6815A (continued) 


FIGURE 18 — POWER UP/DOWN SYNCHRONIZATION 


) 1.0 us 2.0us 3.0 us “4.0 us 
Refresh Clock . 
(64 us Period) —/ | 
3 us Monostable Oe a eae ee ee 
(Refresh Pretrigger) 
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(Standby) pee Se te 
Clock Input (@) \ / 
Inhibit / oe 


No Power Fail signal changes will be 
recognized during this time. 


TABLE 1 — STANDBY MODE CURRENT ALLOCATION 


; Circuit Section 


+12 V Current (Vpp) for 16 MCM6815A’s 


Typical Current PIN ASSIGNMENT 


Charge Pump — 
—322 Vpap 


21 A1 
"]20 A10 
19 AQ 


Ves 


Comparator A3 


Preset’ 
Data In 


Capacitance Drivers 


Total 
Chip Enable 
Data Out 16 AG 
Chip Select 15 AS 
A4 9 14 Read/Write 
A210 43 AO 
Veet 12 Vss 


17 A? 


1 
2 
3 
4 

A111 5 18 A8 
6 
7 
8 


Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 
is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 


*See Applications Information 


PACKAGE DIMENSIONS 


| eH SEATING PLANE 
te} | <at-- D se G lee 


PLANE 


MILLIMETERS INCHES 


NOTES: 


Sa ET 1. LEADS WITHIN 0.13 mm (0.005) | 
53 uO: RADIUS OF TRUE POSITION AT 
68 | 0.085 MAXIMUM MATERIAL CONDITION, 
| D | 0.43 | 0.58] 0. 2. DIMENSION “L TO CENTER OF 


1.02 REF LEADS WHEN FORMED PARALLEL. | 
0.100 BS 


07 


CERAMIC PACKAGE > . . PLASTIC PACKAGE 
CASE 677-03 CASE 708-01 
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MCM6830AL 


Advance Information 
MOS 


1024 X 8-BIT READ ONLY MEMORY (N-CHANNEL, SILICON-GATE) 


The MCM6830A is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel silicon-gate technology. For ease of use, the device 
operates from a single power supply, has compatibility with 
TTL and DTL, and needs no clocks or refreshing because of static 
operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing read only storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. The 
active level of the Chip Select inputs and the memory content are 
defined by the customer. 


Organized as 1024 Bytes of 8 Bits 
Static Operation 


1024 X 8-BIT 
READ ONLY MEMORY 


Three-State Data Output CERAMIC PACKAGE 


Four Chip Select Inputs (Programmable) CASE 684 
Single 5 Volt Power Supply 
TTL Compatible 


Maximum Access Time = 500 ns 


PIN ASSIGNMENT 


ABSOLUTE MAXIMUM RATINGS (See Note 1) 


[spur Voroge inf OO TO | HE 
[operating Tereatre Rane «dt ta | om | eo 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


_MC6800 M6800 MICROCOMPUTER FAMILY MCM6830A READ ONLY MEMORY 
alae de eld BLOCK DIAGRAM BLOCK DIAGRAM 


i 4 MCM6830A 


Read Only 
Memory a 
- Data 

Buffers 


Data Bus 
Random 
Access 
Memory 


interface 
Adapter 


Selection 
and Control 


interface 
Adapter 


Address Data Memory Address 
Bus Bus and Control 


This is advance information and specifications are subject to change without notice. 
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MCM6830A (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS 


Cameo id 


DC CHARACTERISTICS 


Characteristic 


Input Current 
(Vin = Oto 5.25 V) 
Output High Voltage 
(lop = -205uA) 
Output Low Voltage 
(lo, = 1.6 mA) 
Output Leakage Current (Three-State) 
(CS = 0.8 V or CS = 2.0 V, Vout = 0.4 V to 2.4 V) 


Supply Current 
(Vec = 5.25 V, Ta = 0°C) 


CAPACITANCE (f = 1.0 MHz, T, = 25°C, periodically sampled 
rather than 100% tested.) This device contains circuitry to protect the 


inputs against damage due to high static voltages 
Ahspucterietic Symbol | Max | Unit _| or electric fields; however, it is advised that 
normal precautions be taken to avoid application 

Input Capacitance 


of any voitage higher than maximum rated volt- . 
ages to this high-impedance circuit. 


BLOCK DIAGRAM 


Memory e 8 63-State 
Address Matrix 


Buffer 
Pesce (1024 x 8) | __g 


O©OOMOnN AOA WN 


cso° 
CSi* 
CS2* 
CS3°* 


Vec = Pin 12 
* Active level defined by the customer. Gnd = Pin 1 
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MCM6830A (continued) 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted.) 


(All timing with t, = tt = 20 ns, Load of Figure 1) 


Characteristic 
Cycle Time 


Chip Select to Output Delay 
Data Hold from Address OHA AOL ds ee 
Data Hold from Deselection 


FIGURE 1 — AC TEST LOAD 
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MCM6830A (continued) 


CUSTOM PROGRAMMING 


By the programming of a single photomask for the FIGURE 2 — BINARY TO HEXADECIMAL CONVERSION 
MCM6830A, the customer may specify the content of the Binary Hexadecimal 
memory and the method of enabling the outputs. Data Character 


Information on the general options of the MCM6830A 
should be submitted on an Organizational Data form such 
as that shown in Figure 3. 


(o) 


Information for custom memory content may be sent 
to Motorola in one of two forms (shown in order of 
preference): 


1. Paper tape output of the Motorola M6800 Software. 
2. Hexadecimal coding using IBM Punch Cards. 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


mer ver fF ooooeorfr ese er He OOO 8 
~=- OOF = OOj?mr @- OO] = 00 
-o- 0 = 0 00 0-0-0 


TMMONOWYPOWANAGANWDND = 


PAPER TAPE | 
included in the software packages developed for the IBM PUNCH CARDS 
M6800 Microcomputer Family is the ability to produce a The hexadecimal equivalent (from Figure 2) may be 
paper tape output for computerized mask generation. The placed on 80 column IBM punch cards as follows: 
procedure for generating and verifying a system is shown Step Column . | 
in Figure 4. The assembler directives are used to control 1 12 Byte “0 Hexadecimal equivalent for 
allocation of memory, to assign values for stored data, outputs D7 thru D4 (D7 = M.S.B.) 
and for controlling the assembly process. The paper tape ae 
must specify the full 1024 bytes. 2 13 Byte ‘’0'’ Hexadecimal equivalent for 
outputs D3 thru DO (D3 = M.S.B.) 
3 14-75 Alternate steps 1 and 2 for consecutive 
Note:Motorola can accept magnetic tape and truth table bytes. 
table formats. For further information, contact your 4 77-78 Card number coring 01) 
_local Motorola sales representative. 5 79-80 Total number of cards (32) 


PACKAGE DIMENSIONS 


NOTES: AIL EIMETERS INCHES 
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VICM6830A (continued) 


FIGURE 3— FORMAT FOR PROGRAMMING GENERAL OPTIONS 


ORGANIZATIONAL DATA 
MCM6830A MOS READ ONLY MEMORY 


Customer: Motorola Use Only: 
GUNA as a a a i Quote: 
Pat NOt = ie a en ee Part No.: 


MPMI A ON 2. Bo os eed a Specif. No.: 


Phone No. 


Enable Options: 


CSO [ Es 
csi L_] [ 
cs2 [ a 
CS3 [ { 


Input Logic Levels: 


1 is most positive 
0 is most negative 
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MCM6830A (continued) 


FIGURE 4 — SYSTEM DESIGN AND VERIFICATION PROCEDURE 
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Product Preview 


16,384-BIT READ ONLY MEMORY 


The MCM68317 is a 16,384-bit high-speed Read Only Memory 
designed for high-performance, low-cost applications. Organized as 
2048 eight-bit bytes, the device optimizes speed, power, and density 
trade-offs. 

For ease of use, the memory operates from a single +5 volt power 
supply. No clocks or refreshing are required because of static opera- 
tion. All inputs are TTL compatible, and the outputs are three-state 
TTL compatible. 

The MCM68317 is a logical extension of the MCM68708, an 
8192-bit AROM. An additional address, A10, replaces the Vpp 
power supply at pin 19, and CS2 replaces the Program input at 
pin 18. Vep is removed, leaving pin 21 with no connection. 


® Organized as 2048 Bytes of 8-Bits 

@ Static Operation 

@ Single +5 Volt Power Supply 

@ Access Time = 500 ns 

@ Low Power Dissipation 

®@® Two Chip Select Inputs Available for Memory Expansion 
@ TTL Compatible 

@ Three-State Outputs 


® Logical Extension of the MCM68708 AROM 


_MC6800 M6800 MICROCOMPUTER FAMILY 
Microprocessor BLOCK DIAGRAM 


» MCM68317- 
Memory. >. 


Random 


Access 


Memory 


Interface 
Adapter 
interface 
Adapter 


This is advance information and specifications are subject to change without notice. 
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MCM68317L 


MOS 


(N-CHANNEL) 


2048 X 8-BIT STATIC 
READ ONLY MEMORY 


CERAMIC PACKAGE 
CASE 684 


PIN ASSIGNMENT 


cS1/CS1 
A10 
CS2/CS2 


MCM68317 READ ONLY MEMORY 
BLOCK DIAGRAM 


Memory Data 
Matrix: | 
(2048 x 8). 


Data Bus 
Buffers: - 


Selection: . 
and Controk: 


Memory Address 
and Control 


MCM68317 (continued) 


BLOCK DIAGRAM 


CS1/CS1 © 


Control 
Logic 


CS2/CS2 O 


Y Decode 


A0-A10 


x 
U Decode 


Memory 
Matrix 
° (128 x 128) 
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MCM6832L 


| Advance Information | 
MOS 


(N-CHANNEL, LOW THRESHOLD) 


2048 x 8-BIT READ ONLY MEMORY 
2048 x 8-BIT 


READ ONLY MEMORY 


The MCM6832 is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel metal-gate technology. For ease of use, the device is 
compatible with TTL and DTL, and needs no clocks or refreshing 
because of static operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing read only storage in byte increments. Memory 


expansion is provided through a Chip Select input. The active level of 
the Chip Select input and the memory content are defined by 
the customer. 


Organized as 2048 Bytes of 8 Bits 
Static Operation 

Three-State Data Output 
Programmable Chip Select 

TTL Compatible 

Maximum Access Time = 550 ns 


CERAMIC PACKAGE 
CASE 684 


ABSOLUTE MAXIMUM RATINGS1 (Referenced to Vg) 


Supply Voltages 


-0.3 to +6.0 
-10 to +0.3 


“Address/Control Input Voltage 
Operating Temperature Range 


Storage Temperature Range 


a 


Note 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device retiability. 


MC6800 
Microprocessor 


M6800 MICROCOMPUTER FAMILY MCM6832 READ ONLY MEMORY 
BLOCK DIAGRAM BLOCK DIAGRAM 
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Gee: Read Only 
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This is advance information and specifications are subject to change without notice. 
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MCM6832 (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vsg = Ground) 


Supply Voltage 


Input High Voltage (An, CS) vin | so = eg 
Input Low Voltage (A,, CS) ; ; fF Vdc 


DC CHARACTERISTICS 


. Characteristic 


Input Leakage Current (A,, CS) 
(Vin = 0 to 5.25 V) 


Output Leakage Current (Three-State) 
(V9 =0.4 V to -2.4V,CS= 0.4 V or CS= 2.4 V) 


Output High Voitage 
(loH = -100 uA) 


Output Low Voltage 
(lou = 1.6 mA) 
Supply Current 
(Chip Deselected or Selected) 


Input Capacitance (f = 1 MHz) 
Output Capacitance (f = 1 MHz) 


- BLOCK DIAGRAM 


A7 A8 
20 21 


x Memory Output 
Decode Matrix Decode Buffers 


Voc = Pin 24 
Vop = Pin 23 
Vssg = Pin 12 
Vep= Pini 
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MICM6832 (continued) 


AC CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted. All timing with ty = t¢ < 20 ns; 
Load = 1 TTL Gate (MC7400 Series) biased to draw 1.6 mA; Cy = 130 pF.) 


Output Deselect Time 


“Typical values measured at 25°C and nominal supply voltages. 


FIGURE 1 — AC TEST LOAD 
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MCM6832 (continued) 


CUSTOM PROGRAMMING 


By the programming of a single photomask for the FIGURE 3 — BINARY TO HEXADECIMAL 
MCM6832, the customer may specify the content of the CONVERSION 
memory and the method of enabling the outputs. 


Hexadecimal 


Character 
Information on the general options of the MCM6832 Oo 0 O 0 0 
should be submitted on an Organizational Data form such ) ) ) 1 1 
as that shown in Figure 4. 0 0 1 0 2 
*) ) 1 1 3 
) 1 ) ) 4 
) 1 ) 1 5 
Information for custom memory content may be sent 
to oe in one of two forms (shown in order of ‘ 0 0 0 8 0= VoL 
preference): 1 0 Oo 1 9 1=V 
| | 1 ) 1 fe) A OH 
1. Paper tape output of the Motorola M6800 Software. : : : : e 
; 1 1 ) fe) omy 
2. Hexadecimal coding using IBM Punch Cards. 1 1 0 1 D 
1 1 1 fe) E 
1 1 1 1 F 
PAPER TAPE 
Included in the software packages developed for the | IBM PUNCH CARDS 
M6800 Microcomputer Family is the ability to produce a The hexadecimal equivalent (from Figure 3) may be 
paper tape output for computerized mask generation. The placed on 80 column IBM punch cards as follows: 
procedure for generating and verifying a system is shown Step Column 
7 Figure ae assembler Sa ee to he 1 12 Byte 0" Hexadecimal equivalent for 
allocation of memory, to assign values for stored data outputs D7 thru D4 (D7 = M.S.B.) 
and for controlling the assembly process. The paper tape 7 13 “9” eee 
must specify the full 2048 bytes. £ Byte ‘’O exadecimal equivalent for 
outputs D3 thru DO (D3 = M.S.B.) 
3 14-75 Alternate steps 1 and 2 for consecutive 
Note:Motorola can accept magnetic tape and truth table bytes. . 
table formats. For further information, contact your 4 77-78 — Card number (starting 01) 
local Motorola sales representative. 5 79-80 Total number of cards (64) 


PACKAGE DIMENSIONS 


Pt Eeaps WITHIN 0.13 om feat MILLIVETERS [MAX | MIN | MAX | 
we . mm MAX 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING ra 29.34 | 30.86 


(B |12.70 1 14.22 [0500 | 0.560, 

| © | 3.05 | 3.94) 0.120 | 0.155 | 
[| 0 | 0.38] 0.51 Se EG 
TF {0.89 { 1.40] 0.035 | 0.055 | 
| G | 254BSC_| 0.100 BSC_| 
TH | 089] 1.40] 0.035 | 0.055, 
| K | 292) 3.68] 0.115 
| t | 14.86 | 15.87 | 0.585 

me 


| M | aCe ew 
| ON | 0.51 [ 1.14] 0.020 | 0.045 | 


PLANE WITH MAXIMUM 
MATERIAL CONDITION. 
2. LEAD NO. 1 CUT FOR 
IDENTIFICATION, OR 
BUMP ON TOP. 
3. DIM “L’ TO INSIDE 
OF LEADS. (MEASURED 
0.51 mm (0.020) BELOW 
PKG BASE) 


CASE 684-04 
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MCM6832 (continued) 


FIGURE 4 — FORMAT FOR PROGRAMMING GENERAL OPTIONS 


ORGANIZATIONAL DATA 
MCM6832 MOS READ ONLY MEMORY 


Customer: Motorola Use Only: 
oT ap] 21-16 5 eee a oe a a eS Quote: 
PNG ora et Part No.: 


CV OUING COP poo a i ee Specif. No.: 


Phone No. 


True Chip Select Options: 
L 1] 
t, o[ | 


1 is Most positive input 
0 is most negative input 
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MCM6832 (continued) 


FIGURE 5 — SYSTEM DESIGN AND VERIFICATION PROCEDURE 
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MCM68708L 


Product Preview 


1024 X 8-BIT READ ONLY MEMORY 


MOS 


(N-CHANNEL, SILICON-GATE) 


1024 X 8-BIT ALTERABLE 
READ ONLY MEMORY 


The MCM68708 is an 8192-bit Alterable Read Only Memory 
designed for system debug usage and similar applications requiring 
non-volatile memory that must be reprogrammed periodically. The 
transparent lid on the package allows the memory content to be 
erased with ultraviolet light. The memory can then be electrically 
reprogrammed. 


Organized as 1024 Bytes of 8-Bits 


Static Operation 


Standard Power Supplies of +12 V, +5 V, and -5 V. 


Access Time = 500 ns 

Low Power Dissipation 

Chip Select Input for Memory Expansion 
TTL Compatible 


Three-State Outputs 


Compatible with the 2708 


M6800 MICROCOMPUTER FAMILY MCM68708 READ ONLY MEMORY 
BLOCK DIAGRAM BLOCK DIAGRAM 


Memory Data 
Matrix Buffers 
Random . (1024 x 8} 
Access 
Memory 


Data Bus 


Interface 
Adapter 
-  -Sefection. 
vand Control 


Address Data Memory Address 
Bus Bus and Control 


This is advance information and specifications are subject to change without notice. 
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MCM68708 (continued) 


BLOCK DIAGRAM 
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INTRODUCTION 


Today’s highly developed NMOS technology has produced a wide variety of NMOS 
memory products that can be utilized in a multitude of digital processing applications. 
Since the variety of these applications is so broad, it is impractical to cover all of them. 
However, the application notes in this section do discuss some of the most common stor- 
age applications. | 

For reference purposes, all the available Motorola application notes and their abstracts 
are tabulated in the Application Information section of the Motorola Semiconductor 
Data Library Master Index. A copy of the current Application Note Catalog may be ob- 
tained by sending your request to: 


Technical Information Center 

Motorola Semiconductor Products Inc. . 
P.O. Box 20912 

Phoenix, Arizona 85036 
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A CRT DISPLAY SYSTEM 
USING NMOS MEMORIES 
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The emerging NMOS semiconductor technology offers 
electronic equipment manufacturers improved circuit per- 
formance and density. Development of the NMOS process 
brings a new era of high-density memory technology, and 
it shows great promise for replacing core and other type 
memories. For CRT display manufacturers, however, 
NMOS technology is here today with the introduction of 
the MCM6571 8K Character Generator and the MC6545 
quad 80-bit Shift Register. This paper describes a CRT 
display system using these devices. 
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BASIC CRT OPERATION 


The basic elements of a display system is the CRT and 
the circuitry necessary to deflect and modulate the 
electron beam. The system must be capable of generating 
graphics and/or alphanumeric characters. The operation of 
most video display systems is similar to a TV set. The elec- 
tron gun shoots a beam of electrons toward a screen coat- 
ed with a light emitting phosphor. Wherever the beam 
strikes, a dot of light is emitted. The beam is deflected 
vertically and horizontally by either electrostatic or elec- 


tromagnetic fields. The Z-axis grid can switch the electron 
beam on and off. By modulating the beam with the Z-axis 
grid, dots and line segments can be formed on the screen. 

Due to the fact that the screen phosphor can hold the 
image for only a short time, the image must be constantly 
refreshed. The refresh rate is usually between 30 and 60 
Hz. Because of the Z-axis modulation and the refresh 
requirement, two types of components are especially 
important to an alphanumeric CRT display: a character 
generator for modulating the Z-axis to form the character, 
and a storage device to retain the information to be 
refreshed on the screen. | 7 


CHARACTER FORMATION 


The most popular type of character formation being 
used today is the dot matrix method. Figure 1(a) shows 
the dot matrix which must be generated at every character 
location to form the image. Any size dot matrix is 
possible, but 5x7 and 7x9 are the most popular 
configurations with the 7x9 offering clearer definition. 
Any character can be formed within the matrix by 
‘illuminating the proper dots (see Figure 1(b)). 


oo000000n 
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oOoOOgso0o0oOsa 
ooOsgoOB8o0o0os8 
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FIGURE 1 
Systems using the dot matrix formation will usually 
generate a raster on the screen of the CRT. If a horizontal 
AC field is applied to the electron beam, it traces and 
retraces a line across the screen. If, at the same time, a 
vertical AC field of a lower frequency is applied and if the 
beam is shut off during retrace, many lines are generated, 


and a horizontal raster scan is formed (see Figure 2). | 


Interchanging the frequencies generates a vertical scan. 
Dot matrices can be formed and separated at every 
character location by blanking the electronic beam in 
between matrices. The character location map shown in 
Figure 9 demonstrates this formation. The numbers indi- 
cating column and line location are explained later. As 
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Horizontal Scan 


(a) 


Vertical Scan 
(b) 


FIGURE 2 


mentioned before, a character can be formed in each 
matrix by illuminating the proper dots. 

The device that determines which dots are to be 
illuminated is called a character generator. Actually, it is a 
read-only memory containing a dot matrix pre- 
programmed for each character. Because of pin limita- 
tions, the entire dot matrix usually cannot be read-out at 
one time. Instead, characters are read out a row or a 
column at a time. A row character generator would most 
efficiently be used with a horizontal scan and a column 
character generator, with a vertical scan display. 


8K-BIT CHARACTER GENERATOR 


NMOS technology has produced a new character 
generator with greater storage capability than the older 
PMOS devices. The MCM6570 is an 8192 bit, row 
character generator that can be mask programmed with 
any desired set of 128 characters. This device can be 
programmed in Japanese, Hebrew, or any special type of 
character or symbol format. It generates each character in 
a 7x9 matrix, and it is capable of automatically shifting 
descenders (such as g, j, p, q, and y). It is directly TTL 
compatible. This device can also interface directly with 
other NMOS devices and with Complementary MOS when 
using a +5 volt power supply. 

A 7-bit character code (see Figure 3) is used to select 
any one of the 128 available characters. The rows can be 
sequentially selected, providing a nine-word sequence of 
seven parallel bits per word for each character selected. As 
the row select inputs are sequentially addressed, the ROM 
will automatically place the 7 x 9 character in one of two 
pre-programmed positions on the 16 row matrix (see 
Figure 6), with the positions defined by the four row 
select inputs. Maximum access time is 500 ns; however, if 
a device is programmed with shifted characters, the access 
time can be reduced to 300 ns. 

The MCM6571 is a pre-programmed version of the 
MCM6570 with a modified USASCII code input. It 
contains the upper and lower case English alphabet, 
commonly used lower case Greek letters, numbers 0 to 9 
and various mathematical symbols and punctuation 
marks. In fact any type of specialized symbols can be 
generated. Figure 6 shows which row of the character 
matrix is generated for each of the possibie row select 


Character 
Code 
Input 


Address 


Decode Matrix 


(8064) 


Shift 
Contro 
Matrix 


ete 
Veco =Fin2 (128) 


Vop = Pins 
Vss = Pin 13 
_Vep=Pin1 


Memory 


inputs. When a descending character is selected, rows R14 
thru R12 are automatically blanked. The next nine rows 
form the descending character matrix. Thus, while any 
one character is contained in a 7x9 matrix, a 7x 12 
matrix must be available on the CRT screen to contain 
both normal and descending characters. The MCM6571 
uses a down count to display the rows of the character 
from top to bottom. The MCM6570 mask-programmable 
ROM allows a choice of either an up or a down count for 
this function. 

The MCM6570 requires three power supplies: -3, +5, 
and +12 volts. In systems using only +5 volts, special 
requirements of -3 and +12 volts can be an incon- 
venience. Because the device requires only small amounts 
of current from these supplies, and charge pump tech- 


“niques using +5 volt supply can be used. A supply shown 


in Figure 4 will generate the required ~3 volts at less than 
100ua. In Figure 5, a +12 supply is shown that will 
provide the 6 ma that typically is required from the 12V 
source. 


STORAGE 


As discussed earlier, the image on the CRT must be 
constantly refreshed; thus, a storage device is required to 
retain the information. Two types of storage devices can 
be used in this application: Random Access Memories and 
shift registers. RAM’s offer the cost advantages resulting 
from high volume use and offer minimum access time 
when interfacing with a computer. Also, because of the 
random-access feature, no buffer storage is required. Shift 
registers are also low-cost devices offering simple editing 
functions; in particular, insertion operations. 
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FIGURE 3 
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FIGURE 6 


The necessity of a buffer register is an unattractive 
requirement of shift storage. Buffer storage is necessary 
“because of the way the characters are written on the 
screen (see Figure 7). As the electron beam moves across 
the screen, each character code is applied in turn to the 
character generator and the first row of each character is 
read out. At the end of the row, the electron beam 
retraces and begins moving across the screen again. The 
same set of character codes must be presented to the 
character generator again so that the second row can be 
written. This procedure must be repeated until all nine 


rows have been written. With shift register storage, the 


information for a particular line would not be available 
after the first row was written, unless the information 
were shifted all the way around. If the shift register is 


large, system speed limitations would result. The buffer - 


register can be eliminated, if small shift registers (storage 
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capability of only one or two lines) are used in parallel. 
An ideal feature of these small shift registers would be 
3-state outputs. 

An excellent device for this application is the MC6545 
Quad 80-bit shift register. It is an NMOS device and thus, 
is TTL compatible and also it will interface with other 
NMOS and with CMOS devices. The Quad 80 features 
internal recirculate logic, and a single clock with frequency 
capability of D.C. to 5 MHz. The shift register’s static stor- 
age mode is when the clock logic level is “0”’. 


THE SYSTEM 

A CRT display system designed and built using 
the MCM6571 for character generation and the MC6545 
for storage is shown in block form in Figure 8. It 
can display up to 640 characters (16 lines with 40 
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characters/line) and has a refresh rate of 60Hz. The 
system is built on six circuit boards divided into the 
following function areas: 

1) Counter and Retrace Control 

2) Memory 

3) Character Generation and CRT Drive 

4) Input Address and Data, and Cursor Generation 

5) Communications I/O and Memory Select 

6) Power Supplies 

The CRT display used is a Tektronix 604. It can be 
mounted in a standard 19” rack and the X, Y, and Z 
inputs can be driven by +5 and +12 volt supply circuitry. 
The other circuit blocks are mounted along side the 604. 
The counter is the central coordinator of the system, and 
it performs the following functions: 

1. Associates a set of data bits in the shift poitters 
with a character location on the screen 


2. Signals the retrace control logic at the end of a row 


for horizontal retrace, and at the end of a frame for 
vertical retrace. 
3. Provides timing signals for; 


a. Serializing the parallel data from the character © 


generator onto the Z-axis. 

b. Initiating a Read or Write cycle requested from 
the computer. 

c. Erasing the screen. 

d. Entering data in the output data register. 

e. Clocking the shift register. 

4. Selects the row of each character being brought 
out of the character generator. 

Retrace control drives the logic for the X and Y 
amplifier inputs of the display unit and signals the Z-axis 
to turn off the electron beam during retrace. Memory 
stores the character code for each character location on 
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the screen (even if it is a blank). Data from the memory 
drives the character generator which provides the dot 
matrix, one row at a time. This parallel data is converted 
and applied serially to the Z-axis. Communications input/ 
output section accepts Read and Write requests from the 
computer, and enables the address and data bits into the 
Registers. It disables the recirculate input on the shift 
register when a write is required. Address Compare checks 
for equality between the data in the input address register 
and the counter address. When this equality is detected, 
one of several things can happen: 

a. If the Write Request flip flop has been set, Address 
Compare begins a Write cycle. 

b. If the Read Request flip-flop has been set, Address 
Compare enables the data at this location into the Output 
Data Register. 

c. In any case, Address Compare enables the cursor. If 
no equality is detected during a frame, and if there has 
been no computer request; the address in the Address 
Register is illegal and the screen is erased. Figure 9 shows 
the address map. The Cursor block generates a blinking 
cursor in row 2 (see Figure 6) of the character location in 
the Address Register. 


COUNTER AND RETRACE CONTROL 

A logic diagram of this board is shown in Figure 10. 
The counter is driven from an oscillator formed from two 
MC8602 one-shots in a single package. (1). The desira- 
bility of this type of oscillator will be discussed later in 
the memory section. The operating frequency is 5.0 MHz 
for a refresh rate of precisely 60 Hz. Because the counter 
is synchronous, the oscillator drives all the devices in the 
chain. 
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The first stage of the counter is an MC8310 (3) which 
has been connected to count decimally from 0 to 8. The 
dot matrix columns | through 7 are being written when 
the count in this register is 1 through 7. During counts 0 
and 8, the Z-axis is blanked to form a space between 
horizontally adjacent characters. (4) and (5) are used to 
generate the time “TO”, “T8”, and “TO + (or) T8”. In 
addition to the clock input, (3) is enabled by (2) and (9). 
The function of (2) is to delay the beginning of trace by 
two clock pulses. The necessity for this delay will be 
discussed later. Circuit (9) is the horizontal retrace 
flip-flop which enables this MC8310 (3) during the trace 
operation and disables it during retrace (see Figure 11). As 
mentioned earlier in order to write one line of characters 
the codes must be presented to the character generator 
once for each row of the dot matrix. In addition, the shift 
register must be shifted completely around between the 
beginning of one trace and the start of the next. The shift 
register is 80-bits long and the number of characters in a 


line is 40. Thus, the other 40 must be shifted during 
retrace; as will be explained later, this second set of 40 
character codes is for the line following the first set of 40. 
Since the time for trace is nine times as long as the time 
for retrace, the second 40 bits must be shifted faster. To 
obtain this fast shift, (9) disables (3), effectively taking it 
out of the counter, and enables (6), which is the second 
stage of the counter, to be driven at the clock frequency. 
During trace, (6) is driven at the clock frequency divided 
by 9. 

An MC8310 (6), and two MC7472’s, (7) and (8), form 
a 6-bit counter stage to count decimally from 0 to 39. The 
count in this stage determines the horizontal character 
position on the screen. During retrace, this stage goes 
through its full count at the clock frequency and during 
trace, at the clock frequency divided by 9. At the end of 
each count the Horizontal Retrace flip-flop, (9), is 
toggled. Figure 12 shows the necessity of (2). During 
retrace the character codes are being shifted at a rate of 
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FIGURE 12 


5.0 MHz; the maximum access time for the character 
generator and shift register is 500 + 75 = 575-ns. If there 
were no delay after the completion of retrace, the output 
for character location 0 would be required after 200-ns. 
By inserting a delay of two clock pulses this timing is 
increased to 600-ns. 

The next stage of the counter is an MC8316, (10), a 
4-bit counter which counts octally 2 to 16 (see 
Figure 10). The count in this device determines which dot 
matrix row is to be read out of the character generator. It 
is enabled when the count in the previous stage is 
completed and just before the Horizontal Retrace flip-flop 
(9) is set. This function is controlled by an MC3011 (11), 
that also serves as clock for the Shift During Retrace 
flip-flop, an MC7479 (12). As mentioned before, the data 
must normally be shifted during retrace. When one line of 
characters has just been completed and another is to 
begin, the shift must be inhibited. Thus, the Shift During 
Retrace flip-flop is clocked as each row is completed. If 
additional rows in the character line must still be written, 
the D input will be at logic “0” and the shift will be 
enabled. If the completion of the row is also the 
completion of the line (the count in (10) = 16), the D in- 
put will be a “1” and the flip-flop set, and this will inhibit 
Shift During Retrance. An MC3011, (11) decodes the 
count in (10) and drives the D input of (12). 

The outputs of both gates of the MC3011 (11) are 
“ANDED” to form an enable for the last counter stage, 
MC8316 (14). It counts octally from 0 to-17. The count 
in this device determines the vertical character position or 
character line. At the end of the last count, the vertical 
retrace flip-flop is set. A vertical retrace takes the same 
amount of time as a horizontal retrace thus the Vertical 
Retrace flip-flop is reset by the Horizontal Retrace 
flip-flop. The Master Clear flip-flop initializes the system 
when power is first applied. 


MEMORY SELECT 


The Memory Select section (see Figure 13) forms the 
Shift Register Clock, and enables the Write and Output 
Enable inputs of the selected shift registers (MC6545). An 
MC4038 decodes the 3 highest order bits of the counter 
to generate an Output Enable. A set of MC3006 logic 
gates generates a Write Enable for the selected pair of shift 
registers when a Write cycle is being executed, and an 
Address Compare indicates that the desired location has 
been reached. 


When the Horizontal Retrace flip-flop is reset, an 
MC3031 uses output C of the counter to clock data out of 
the shift registers. When the Horizontal Retrace flip-flop is 
set, and a Shift During Retrace is required, the counter 
clock is enabled by the MC3031 to form the Shift 
Register Clock. The MC3031 output goes to an MC7440 
high fan-out driver which in turn drives the clock inputs 
of all 16 shift registers. 

At this point, the desirability of the double one-shot 
oscillator for the counter clock becomes apparent. The 
Shift Register Clock is required to be in the high state for 
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at least 90-ns and in the low state for at least-9Ons. Since 
the counter clock runs at 5.0 MHz (200-ns), a duty cycle 
close to 50% at the shift register clock input is required. 
The counter clock pulses go through an MC3031 and an 
MC7440 before reaching the shift register clock input; 
thus, some skew in the positive and negative propagation 
times may occur. To compensate for this skew, the pulse 
widths of the two one-shots can be adjusted as required. 


MEMORY 


The Memory section (see Figure 14) consists of sixteen 
MC6545 shift registers arranged in pairs and 16 MC8T26 
three-state buffers. Each pair holds 80 seven-bit character 
codes for two lines of display. The MC8T26 buffers are re- 
quired so that only one pair of shift registers is being ac- 
cessed at a time. 


CHARACTER GENERATION 


The output data from the shift registers goes to the 
Character Generation section (see Figure 15). If the 
system is in a Read cycle, the data is enabled into the 
Output Data Register made up of two MC7475’s. In any 
case, the data goes to the character generator as does the 
row select count from the counter. The specified row for 
the character is read out of the character generator and 
stored in the Output Row Register at TO + T8 time. The 
Output Row Register is applied to an 8-channel data 
selector, MC8312. This device selects each row input to be 
enabled to the single output according to the input count. 
This is supplied by the three lowest order bits of the 
counter. Thus, the parallel data is converted to serial data. 
At TO and T8 times, the grounded input pin is enabled. 


The MC8312 also has an enable input which is driven by 
the cursor generator to be described later. 

The output of the MC8312 goes to the Z-axis driver 
which consists of 3 collector-or’ed MC7417’s driving an 
output transistor. The Z-axis driver output goes to “‘O” 
during vertical and horizontal retrace and whenever the 
data input from the MC8312 is “O”. 


CRT DRIVE ss 

The output drivers for the X and Y axes are shown in 
Figure 16. Each is driven by a cross-coupled gate/flip-flop, 
MC7400, which is, in turn, set and reset by two pulses 
tapped from the outputs of an MC7442 and MC4007. 
During retrace, these devices generate a series of timing 
pulses from the same counter bits that determine horizon- 
tal character location. Thus, retrace time can begin a short 
time after blanking begins, and it can end a short time 
before blanking ends. This method eliminates any distor- 
tion that might result from characters being displayed in 
the non-linear area of the raster edges. 


COMMUNICATION I/O 


_ The read/write logic is designed for use with a 16-bit 
bus-oriented minicomputer. The display system uses four 
addresses on the bus. A bus interface card generates four 
signals, SELO, SEL2, SEL4, and SEL6, to indicate when 
these four addresses are selected. A control signal, C1L, 
indicates whether a bus-read or a bus-write cycle is being 
executed by the external control minicomputer. In order 
to respond to the minicomputer, the display system must 
generate two signals: 1) Ready, to indicate whether or not 
the system is busy doing an operation, and 2) SSYN, to 
indicate that a bus cycle is complete. 


The four possible types of operations have been 
assigned as follows: oo 

1) A bus write using either SEL2 or SEL6 is for writing 
data into the refresh memory. SEL2 is for the bottom 8 
lines of the display and SEL6, the top 8 lines. 

2) A bus write using either SELO or SEL4 is for 
specifying which location is to be read. SELO indicates the 

- bottom 8 lines of the display and SEL4, the top 8 lines. 

3) A bus read using either SEL2 or SEL6 is for 
determining the status of the Ready signal. 

4) A bus read using either SELO or SEL4 is for 
retrieving the data requested in 2). For these operations, 
the 16-bit word of the minicomputer is divided into two 
sections. The seven least significant bits specify the 
character code, and the remaining nine specify the 
address. . | 

The communications I/O logic is shown in Figure 17. A 
write operation is executed in the following manner (see 
Figure 18(a)): 

1) Address and data are applied to the input lines of 
the CRT display system (Input Address and Data, and 
Cursor Generation are discussed in a later section). At the 

, same time, C1L input goes to zero which enables the OR 
FIGURE 14 gate inputs to the Read and Write Request flip-flops. 
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2) A minimum of 150-ns later, SEL2 or SEL6 goes to 
zero which sets the Write Request flip-flop. In turn, it sets 
the SSYN flip-flop. Ready goes to zero, and the input 
address and data are enabled into the Registers. 

3) The SSYN is transmitted back to the minicomputer 


which waits 75-ns and then changes SELX back to a one. 
4) The SSYN flip-flop is reset and the SSYN signal 
goes to a zero. 
5) When the Address Compare signal goes to a “1”, 
indicating that the address register and the counter 
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contain the same address, the Write Request is clocked 
into the Write flip-flop. This flip-flop enables the neces- 
sary logic to write the new data into memory. The Write 
flip-flop is set directly when an erase is being executed. 

6) At the next T8 to TO times respectively, the Write 
Request and Write flip-flops are reset and Ready goes to a 
“1”. The system can now accept a new request. 

A read operation (for specifying the location to be 
read) is done in a similar manner except the SELO or 
SEL4 are used. 

To transfer data from the Output Data Register (see 
Figure 15) to the minicomputer or to check the status of 
the CRT system, the following sequence occurs (see 
Figure 18(b)): 


1. CIL goes to a one. 

2. A minimum of 150-ns later, one of the SELX signals 
goes to a zero. 

3. The SSYN signal goes to a one for at least 7S-ns. __ 

4. The SELX signal returns to a one and SSYN goes to 
a zero. 


INPUT ADDRESS AND DATA 


The Address Register consists of two MC4015’s and a 
MC7479 (see Figure 19). The input address is enabled into 
the register when the Read Request or Write Request 
flip-flop is set. The input to bit 9 of the Address Register 
is dependent on the SELX input. If SELO or SEL2 is used, 
a zero is entered into bit 9 which means the bottom 8 
lines of the display will be accessed. If SEL4 or SEL6 is 


Write 
Request 


used, a one is entered into bit 9 and the top 8 lines will be 
accessed. 


Ten MC8242 exclusive NOR gates are constantly 
comparing the input and counter addresses. They are open 
collector output devices: therefore, when they all indicate 
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a compare, the output goes to a “1”. The Address 
Compare flip-flop is set at the first positive edge of the B 
output of the counter. If a read or a write has been 
requested, it can be done at this time. Also the Address 
Compare flip-flop enables the cursor row compare logic 
and inhibits an Erase. 


Numbers indicate lowest order bits in counter 
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When Address Compare or a Read or Write Request 
goes from “0” to “1”, the Erase Inhibit flip-flop is set. 
After each frame is written, the Q side of the Erase Inhibit 
flip-flop is clocked into the Erase flip-flop. As long as the 
latter stays reset, nothing happens. An illegal address can 
be entered into the Address Register however (an illegal 
address would be when the 4 lowest order bits of the 
Address Register contain a decimal number between 10 
and 16). Since the counter does not duplicate the illegal 
address, the Address Compare flip-flop and, consequently, 
the Erase Inhibit flip-flop do not switch. At the end of the 
frame, then, the Erase flip-flop is set. 

Setting the Erase flip-flop forces: 

1. The input data to the shift registers to the character 
code for a blank. | 

2. The Address and Input Data Registers to all 0’s. 
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3. The Erase Inhibit, Address Compare, and Write 
flip-flop’s set. 

This clears the screen of al] data and moves the cursor 
location to address 0. 


CURSOR GENERATION 


The cursor is written at the location in the Address 
Register. It is written in row2 of the dot matrix (see 
Figure 6). Four MC7405’s are collector OR’ed (see 
Figure 20) to output a “1” each time that row select 2 
and address compare exist at the same time. An MC7490 
then divides the frequency of this output by five to make 
the cursor blink. The output of the MC7405’s and the 
MC7490 are ““ANDED” and, as mentioned earlier, the 
signal is used to drive the enable input of the parallel to 
serial converter for the Z-axis, MC8312. 
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CONCLUSION 


This system design shows one way of using the new 
NMOS devices in CRT systems for both storage and 
character generation. The simplicity of the design is 
possible because of the TTL compatibility and convenient 
power requirements of the NMOS parts. The capability of 
generating 128 characters in a 7x9 matrix and auto- 
matically shifting descender characters (g, j, p, q, and y) 
means a substantial reduction in external circuitry. The 
MC6545 Quad 80-bit Shift Register allows maximum 
design flexibility with features like a 3-state output, 
internal recirculate logic, a single clock input, and a 
frequency range of D.C. of 5 MHz. It will fit into small 
systems as a main storage device and into large systems as 
buffer storage. With these devices, NMOS has indeed 
arrived for the CRT display manufacturers. 
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A NON-VOLATILE MICROPROCESSOR MEMORY 
USING 4K N-CHANNEL MOS RAMS 


INTRODUCTION 


Most read/write semiconductor memories are volatile, 
i.e., if power is removed from the memory the stored 
information will be lost. In many cases of power failure, 
non-volatility for a specific period of time is required 
either as a necessity (irreplaceable information) or as a 
convenience (to avoid reloading the memory). 

This paper describes the design of an 8192-byte non- 
volatile memory system using dynamic RAMs and CMOS 
control logic in order to significantly reduce the power 
requirement in the standby mode of operation with respect 
to the normal operating mode. 

This system was designed to be an add-on memory for 
the EXORciser,* a system development tool in the M6800 
Microcomputer family. 


MEMORY DEVICE DESCRIPTION 


The memory device used in this system is the 
MCM6605A, a 4096-word x 1-bit dynamic Random 
Access Memory (RAM). The dynamic characteristic of 
this memory device requires that refreshing of the memory 
cells be performed at periodic intervals in order to retain 
the stored data. This device was chosen for the following 
features: high bit density per chip and correspondingly 


low price per bit, standby mode with low power | 


dissipation, TTL compatibility of inputs and outputs, 
and speed characteristics compatible with microprocessors 
and the EXORciser. 

Figure 1 is a functional block diagram of the MCM- 
6605A. The device uses a three-transistor storage cell 
in an inverting cell configuration. The single external high- 
level Chip Enable clock starts an internal three-phase clock 
generator which controls data handling and routing on 
the memory chip. The lower 5 address lines (AO to A4) 
control the decoding of the 32 columns, and the upper 7 
address lines control the decoding of the 128 rows within 
the memory chip. The Chip Select (CS) input is used for 
memory expansion and controls the I/O buffers: when 
CS is low the data input and output are connected to the 
memory data cells, and when CS is high the data input is 
_ disconnected and the data output is in the high impedance 
state. Refreshing is required every 2 ms and is accomplished 
by performing a write cycle with CS high on all 32 columns 


*Trademark of Motorola Inc. 


selected by AO through A4. The read/write line controls 
the generation of the internal $3 signal which transfers 
data from the bit sense lines into storage. 

All inputs and outputs with the exception of the high- 
level Chip Enable signal are TTL compatible, and the out- 
puts feature three-state operation to facilitate wired-OR 
operation. The Chip Enable signal has ground and +12 V 
logic levels. Power requirements are typically 330 mW per 
device in the active mode from +12 V, +5 V, and -5 V 
power supplies, and 2.6 mW in standby with refresh from 
the +12 V and -5 V power supplies (the +5 V supply 
powers the output buffers and is not required during 
standby operation). 7 

Memory timing is outlined in Figure 2 and operates as. 
follows for a read cycle (Figure 2a). The Chip Enable line 
is brought high after the correct addresses are set up, which 
starts the internal three-phase clock and latches the 
addresses into an internal register. Chip Select must be 
brought low in order to connect the data input and out- 
put to the data cells, and the Read/Write line must be 
brought high to inhibit the @3 cycle which writes data 
into the storage cells. A write cycle (Figure 2b) occurs in 
exactly the same manner as a read cycle except that the 
R/W line is placed in the Write mode, which gates the input 
data onto the bit sense lines, and enables a $3 cycle to 
write into the data cells. A write and a refresh cycle are 
the same with the, exception of Chip Select, which is held 
high for a refresh cycle and low for a write cycle. 


The Read-Modify-Write cycle shown in Figure 2c is a 
read followed by a write within the same CE cycle. CS is 
brought low shortly after the leading edge of CE and R/W 
is held high long enough for the Data Out to become valid. 
The R/W line can then be strobed low for a minimum 
write time to enter the Data In (which has been placed 
on the input) into the data cells. 


By holding the Chip Select high during refresh, the 
input data is inhibited from modifying the bit sense lines 
and the original data is returned to the data cells during 
$3 of the cycle. This refreshing action recharges the storage 
cells and must be done at least every 2 ms if the memory is 
to retain the information. The fact that the data is stored 
ona capacitor ina dynamic memory (rather than the “On” 
transistor of a static memory) requires that the capacitor 
be recharged periodically. This capacitive storage produces 
a low power standby mode of operation where only re- 
freshing takes place, which is the foundation of this low 
current drain non-volatile memory design. The memory 


5-18 


Chip 


Enable 6 


Read/Write 14 


Preset 3 


Dataln4o0 
Chip 


Select 


A10A9A8 A7AEGB ADS 


20 1918 


FIGURE 1 — MCM6G6GO5SA 4K 


device typically dissipates 330 mW in the active mode 
but only 2.6 mW in the standby mode (refreshing only). 


MEMORY SYSTEM DESIGN REQUIREMENTS 

This memory system was designed with the following 
major design goals: 

First, non-volatility for a period of time in the range of 
7 to 10 days from a reasonably sized battery. It is also 
desirable for the system to operate from one battery 
voltage during the standby mode to simplify the battery 
requirements. Second, the memory size was desired to be 
8K bytes on a PC card easily expandable upward and 
addressable in 4K byte blocks. Third, the memory system 
must be able to interface with the MC6800 microprocessor 
which has a basic cycle time of 1 us. Fourth, the 
memory system controller must handle all refresh re- 
quirements in a manner as invisible as possible to micro- 
processor operation. 


MEMORY SYSTEM DESCRIPTION 


A block diagram of the memory system is detailed in 
Figure 3. This block diagram can be split into three main 
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sections as follows. The first section is comprised of the 
address buffers, Read/Write and Chip Select decoding 
logic. The second section consists of the data bus buffering 
and the memory array itself. The memory array consists 
of sixteen memory devices (4K words x 1-bit) organized 
into two rows of 4096 bytes each. The third section of the 
block diagram comprises the refresh and control logic for 
the memory system. This logic handles the timing of the 
refresh handshaking with the EXORciser to request a 
refresh cycle, the generation of the refresh addresses, 
synchronization of the Power Fail signal, multiplexing 
of the external Memory Clock with the internal clock 
(used during standby), and generation of the -5 V supply 
on the board by a charge pump method. 


Figure 4 is a worst case timing diagram of the read 
and write cycles of the EXORciser and the 4K memory 
system. The timing is composed of two phases. During 
phase | (¢1) addresses are set up and during phase 2 (2) 
data is transferred. Figure 5 is a timing diagram of the 
memory system in standby showing refresh cycles only. 
This timing analysis will be referred to in the following 
discussions of the memory control circuitry. 
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ADDRESS BUFFERS AND DECODING 

Figure 6 is a logic diagram of the address buffers, de- 
coding logic and refresh address multiplexer. Address and 
data lines from the EXORciser are buffered from the 
capacitance of the memory array in order to provide a 
small load to the bus. This increases the EXORciser 
flexibility because it can easily be expanded. Since the 
addresses are valid on the EXORciser bus 300 ns into 
@1, 200 ns is available to set up the address on the 
memories. The worst case input capacitance on the 
address lines of the MCM6605A is 5 pF/input. A system of 
16 memory devices (8K bytes) presents a total capacitive 
load on the address lines of only 100 pF (20 pF stray 
capacitance). Since 200 ns is available to set up the 
addresses on the memory devices, no high current buffers 
are required to drive the memories. AO through A4 must be 
multiplexed -with the refresh addresses so that all 32 
columns will be refreshed every 2 ms. Because of the 
requirement of low current drain in the standby mode, an 
MC14503* CMOS buffer with a three-state output is 
used to meet the multiplexing requirement. The buffers 
have sufficient current drive capability to drive the address 
line capacitance within 100 ns. An open collector TTL gate 
is used to translate to t12 V CMOS levels. AO through 
All are driven with Ground and 12 V logic levels 
so that +5 V is not required in the standby mode. AS 
through All are clamped to Ground during a refresh cycle 
so that they will remain stable. 

The high order address lines (A12 through A15) are 
used to decode one 4K block of memory out of the 16 
total possible blocks in the 65K address map. The addresses 
and their complements are routed through hexadecimal 
switches to MC7430 NAND gates in order to create a CS 
signal for each 4K byte of memory. By rotating the 
hexadecimal switches (S3 and S4), all combinations of 
true and complement addresses can be routed to the 
NAND gates, thereby selecting one of the sixteen 4K 
blocks. VMA and REF, are also inputs to these NAND 
gates: VMA is a Valid Memory Address signal on the bus 
indicating that the address lines are valid and REF a is a 
control signal indicating that a refresh cycle is taking place. 
During a refresh cycle, REFA goes low forcing CSa and 
CSp high (a refresh cyclefor the memory devices is a 
write cycle with the Chip Select held high). The output of 
the MC7430 is translated to 12-V CMOS levels with the 
open collector gates and buffered with the MC1 4503 three- 
state buffer. The capacitive loading on each set of three 
paralleled drivers is 60 pF, allowing Chip Select to be 
decoded and valid 120 ns after addresses are valid on the 
data bus. During the standby mode (Bat = “1’’) the CMOS 
buffer is disabled allowing the 3.3 k ohm resistors to pull 
CSa and CSp high for continuous refreshing. 

The Read/Write signal is received by an MC8T26** and 
then decoded in the following manner: A write inhibit 
feature is provided using switches S1 and S2 for each 4K 
byte block of memory so that in a ROM simultation 
application the memory can be protected from extraneous 
write operations due to programming or operator errors. 
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The Ready-Modify-Write cycle of the MCM6605A is used in 
this application because it requires a shorter data valid 
time (tData Stable) than a normal write cycle (see Figures 
2b and 2c). This feature is desirable because the EXORciser 
places valid data on the bus for the last 300 ns of a Write 
cycle. In order to delay the write pulse to the memory 
array until the data is valid on the Data Inputs of the 
memory array, a write inhibit pulse is combined with the 
EXORciser R/W signal in the MC7420 NAND gates. This 
write inhibit pulse is generated by the MC8602 mono- 
stable multivibrator triggered from the leading edge of 
the Memory Clock bus signal. The effect of this added delay 
can be seen from Figure 4 when comparing the memory 
array R/W line for a read and a write cycle. Note that for 
a write cycle, the R/W of the memory array is inhibited 
from dropping to the Write mode until memory input 
data is valid. 

The refresh control signal (REF A) is combined with 
the output of the MC7420 in an MC7408 AND gate in 
order to force a write signal on the memory R/W lines 
while in a refresh cycle. Translation and buffering is ac- 
complished in a similar manner as with the Chip Select 
signals. When in the standby mode (Bat = “1’’) the 
MC14503 buffers are disabled allowing the 3.3 k resistor 
to establish a zero level on the R/W line of the memory 
array for continuous refreshing. 


DATA BUFFERS AND MEMORY ARRAY 

The EXORciser data bus is bidirectional, while the 
MCM6605A memory has separate data inputs and outputs. 
The MC8T26 data bus receiver/driver buffers the capaci- 
tance of the memory array (very low, about 30 pF per 
data line) and combines the Data Input and Data Output 
of the memory array into one bidirectional bus as shown 
in Figure 7. The Data Out of the memory devices is 
inverted from the Data In, requiring an extra inverter 
(MC7404) in the data path when working with a non- 
inverting bus (i.e., the data is returned to the bus in the 
same sense it was received). 

During a memory write cycle, the data is valid on the 
data bus 200 ns (TASp) after the leading edge of the 
Memory Clock. With a 50 ns delay through the bus 
translators, the data setup requirement of the memories 
(210 ns) is easily met (see Figure 4). A memory read 
cycle requires a data setup time on the data bus of 120 ns. 
The access time of the memory from the leading edge of 
the CE signal plus the bus transceiver delay is 305 ns, 
which is compatible with the setup time required. 


REFRESH AND CONTROL LOGIC 


The refresh control logic shown in Figure 8 handles 
the refreshing of the memory during both operating and 
standby modes. The timing is shown in Figure 9. 

The refresh timing is controlled by an astable multi- 
vibrator constructed with an MC3302 comparator. This 


* MC14503 to be introduced-replacement for MM80C97. 
** MC8T 26 to be introduced-replacement for N8T 26. 
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FIGURE 6 — Address Buffers and Decoding Logic 
(continued on next page) 
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FIGURE 6 — Address Buffers and Decoding Logic 
(continued from precedir:g page) 
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device was chosen for its low current consumption (1.5 
mA max) and single supply voltage operation, both 
important for battery operation. The refresh requirement 
of 32 refresh cycles every 2 ms is handled by stealing 
cycles from the processor. This cycle stealing results in a 
1.6% slower program execution rate than the basic micro- 
processor clock frequency. During the refresh cycle, the 
clocks to the microprocessor are “‘stretched’’ during the 
gl high and the $2 low times by 1 us as shown in Fig- 
ure 9. During this 1 us period, the memory executes a 
refresh cycle. In order to minimize the effects of memory 
refresh on microprocessor program execution, the 32 re- 
fresh cycles are distributed over the 2 ms period, one 
occuring every 64 ws. Refresh could be done in a burst of 
32 cycles every 2 ms but this would cause a larger gap in 
program execution, which in this case was undesirable. 

The MC3302 produces the 64 us signal shown in 
Figure 5 to time the refresh requirement, and also is used 
in the generation of the -5 V supply required by the 
MCM6605 memory. Since these functions are required 
in the standby mode, which is powered by the battery, a 
CMOS buffer is used in a charge pump circuit to mini- 
mize current drain from the battery. This charge pump 
creates -5 V at 3 mA from the 12-V battery to satisfy the 
bias requirements of the memory devices. | 

The Refresh Clock is used to increment the address 
counter (MC14024) and to clock the refresh handshaking 
logic (MC14027). Refresh Request goes low on the leading 
edge of the Refresh Clock, thus requesting a refresh cycle. 
Logic in the clock generation circuitry stretches the high 
portion of ¢1 and the low portion of @2 while sending 
back a Refresh Grant signal. This stretching of the @! signal 
delays program execution during this cycle. The leading 
edge of Refresh Grant starts the refresh cycle and cancels 
Refresh Request. The trailing edge of Refresh Grant re- 
turns the refresh logic to the normal state and the memory 
is ready for a memory access. The trailing edge of the 
Refresh Clock then increments the refresh address counter 
in preparation for the next refresh cycle. 

Decoding of the memory clock (CEa and CEg) and the 
circuitry to synchronize the Power Fail signal is shown in 
Figure 10, with the timing given in Figure 11. 

The memory device clock (CEa and CEp) during stand- 
by is created by a monostable multivibrator (MC14528) 
and buffered from the memory array by three MC14503 
buffers in parallel. This clock is multiplexed with the 
Memory Clock by use of the three-state feature of the 
MC14503. The Memory Clock (used during normal oper- 
ation) is translated to 12-V levels by use of MC75451 
drivers. Decoding of the CEa and CE signals (i.e., clock- 
ing only the memory bank addressed) to conserve power 
is accomplished by the MC7400 gates in conjunction with 
the MC75451 drivers. 


Since the Power Fail signal will occur asynchronously 
with both the Memory Clock and the refreshing operation 
(Refresh Clock), it is necessary to synchronize the Power 
Fail signal to the rest of the system in order to avoid 
aborting a memory access cycle or a refresh cycle. An 
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MC 14027 dual flip-flop is used as the basic synchronization 
device. The leading edge of the Refresh Clock triggers a 
3 ws monostable multivibrator which is used as a refresh 
pretrigger. The trailing edge of this pretrigger triggers a 
500 ns monostable which creates the CE pulse during 
standby operation. The 3 us pretrigger signal is used to 
direct set half of the MC14027 flip-flop, the output of 
which, (B), then inhibits a changeover from the standby © 


to the operating modes (or vice versa). This logic prevents 


the system from aborting a refresh cycle should the Power 
Fail signal change states just prior to or during a refresh 
cycle. The trailing edge of the 500 ns monostable clears 
the MC14027 flip-flop, enabling the second flip-flop in the 
package. The state of Power Fail and Power Fail is applied 
to the K and J inputs of this second flip-flop and is 
synchronized by clocking with Memory Clock. The outputs 
of this flip-flop, labeled Bat and Bat, lock the system. 
into the refresh mode and multiplex in the internal 
clock for standby operation when Bat = “‘1”’. 


SYSTEM PERFORMANCE 


Figure 12 is a photograph of the breadboard of this 
dynamic memory system. This breadboard was interfaced 
with an EXORciser system and tested using a compre- 
hensive memory test program written in-house. 

Figure 13 is a photograph of waveshapes associated 
with alternate reads and writes in one 4K bank of the 
memory system. Included also is the M6800 program used 
to generate these waveforms. This type of operation pro- 
duces repetitive signals on the memory board in order to 
aid troubleshooting. Note the refresh cycle sandwiched 
in among the read and write cycles, and that the decoding 


_of the CE signals produces no clocks on CEA (accesses are 


to bank B), except during refresh. 

Figure 14 shows the printed circuit memory array used 
to interconnect the memories. The addresses are bussed 
between the 4K memory chips in the horizontal direction. 
Data lines are bussed in the vertical direction. The 
MCM6605 4K RAM has power and ground pins on the 
corners of the package allowing wide, low impedance 
power and ground interconnects within the memory array. 
Decoupling capacitors were used as follows within the 
memory array: +12 V - one 0.1 uF ceramic per package, 
+5 V - one 0.01 uF ceramic for every three packages, and 
~5 V - one 0.01 uF ceramic for every three packages. 
Figure 15 is a photograph showing the ripple on the power 
supplies caused by accesses to one 4K byte bank of mem- 
ory as shown in the photograph. The +i2 V line supplies 
the most current to the array and is the one on which the 
most care in decoupling (wide PC lines and distributed 
capacitance) should be taken. Placement of the Vpp pin 
on the corner of the package allows the designer the 
option to do this easily. 
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FIGURE 10 — Power Fail Logic 
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FIGURE 15 as Power Line Ripple 


The dc power dissipation of this memory system is 
shown in Table |. Of these current drains, the most critical 
to non-volatile operation is the current requirement in the 
standby mode in which the current would probably be 
supplied from a battery. A breakdown of the typical cur- 
rent required from +12 V to maintain the memory in 
the standby mode is shown in Table 2. 

By using CMOS for the refresh logic and capacitance 


drivers, a dynamic memory, and a low current refresh 
oscillator, the standby current has been reduced to a level 
that can be supplied easily by a battery. Table 3 is a brief 
list of various capacity 12-V batteries that could be used to 
power a system of this type in the standby mode. Support 
time runs from one-half to 35 days and can be made as 
long as desired if sufficient battery capacity is available. 


TABLE 1 — 8K x 8 Non-Volatile Memory System Power 
Requirements (1-MHz een oe Clock Rate) 


Liapeas Power Supply 


Operating 


+5 V 


| Current 


00 ma | 300 ma 


No +5 V Supply required 


| Standby 


*Because memory is dynamic, the +12 V current requirement is 
dependent on rate of memory access. 


TABLE 2 — Standby Mode Current Allocation 


Typical Current 


+12 V Current (Vpp) 
Charge Pump 


Comparator 
Capacitance Drivers 


Total 
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TABLE 3 — Battery Characteristics 


6.9"' x 6.5" x 4.9" 16.75 Ibs. 


7” x 1.3" x 2.6" 


3.4” x 1.4” x 2.3” 


0.225 3.5’°H x 1°’ Diam. 


Burgess 
12.0 V 225 Bh 


0.47 day (11.25 hrs) 


* Assumes 20 mA average current drain (14 mA for memory and 6 mA for power fail 
detection circuitry) and a battery voltage range during discharge from 13 to 11 V. 


SUMMARY 


This application note has described the design of an 
8K byte memory system, based on the MCM6605A 4K 
x 1 dynamic RAM, to provide non-volatile operation with 
a minimum of standby current. Tests on the breadboard 
memory system indicate standby currents typically 14 mA 
from a 12 V battery. The discussion has shown that a 
dynamic memory refresh requirement can be handled with 
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minimal control logic. For memory sizes in the area of 
8K bytes, the higher bit density of the 4K chip makes the 
system design cost effective when compared to an equiva- 
lent static memory design. In the area of non-volatility, the 
standby mode inherent in a dynamic memory makes it a 
“hands down” winner when compared to a static memory 
design of this size. 


THE DESIGN OF AN N-CHANNEL 16K X 16 
BIT MEMORY SYSTEM FOR THE PDP-Il 


INTRODUCTION 


When PMOS dynamic random access memories were 
introduced, they offered, for the first time, memory sys- 
tems with a cost/performance exceeding that of cores. 
Although they have been fairly successful in competing 
with core memories for mainframe applications, there were 
many shortcomings. For example, some memories required 
critical overlapping clock pulses which complicated the 
design and placed an extreme burden on the layout. The 
logic levels for both input and output were not compati- 
ble with standard logic, such as TTL, which meant that 
translators had to be used. The actual cost of these 
translators is small compared to the penalty paid for the 
added complexity of the memory board, additional power, 
and extended system cycle time. Also additional bypassing 
is required and the board layout complicated by the ac 
noise generated from the translators. 

With the advent of N-channel and advanced design tech- 
niques, a whole new breed of MOS memories has emerged. 
One such memory is the MCM6605A. The MCM6605A is 
a 4096-word by 1-bit dynamic memory that does not ex- 
hibit any of the undesirable features mentioned earlier. 
For example: This memory requires only one clock that 
has no critical overlaps. All inputs and outputs are TTL 
compatible, and the memory access time is fast (210 ns 
max). Other features include chip select for easy memory 
expansion and three-state output. Because of the high 
density, low power, and high speed of this semiconductor 
memory, it is ideal for mainframe memory applications. 

This paper briefly covers the operation and features of 
the MCM660SA, and then illustrates the design of a 
PDP-11 add-on mainframe memory system employing the 
MCM6605A. The memory system to be described con- 
tains 16K words by 16 bits or 32K bytes of semiconductor 
memory and the associated electronics necessary to control 
and interface the semiconductor memory to the PDP-11. 
The whole memory system can be mounted on a single 
P.C. board because of the small amount of support elec- 
tronics required and the high density of the MCM6605A 
memory. 

The support electronics can be easily partitioned into 
three sections or functions: bus interface, refresh timing 
and control, and memory control and interface. A detailed 
description is given of the logic and interface devices 
necessary to perform each of these functions. 

The paper is concluded with a summary on the per- 
formance of this add-on memory system with the PDP-1 | 
computer. 
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MCM6605A OPERATION | 


The MCM660SA is a dynamic random access memory 
that contains 4096 bits of storage organized into 4096 
words by | bit. This semiconductor memory, which comes 
in a standard 22-pin package, see Figure 1, is fabricated 
with an N-channel silicon gate process to optimize speed, 
power, and density tradeoffs. By employing the standard 
three transistor cell arrangement, the internal sense ampli- 
fier requirements were simplified. 
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Vec11 


FIGURE 1 — MCM6605A Pin Assignment 


In addition to the high speed (210 ns access) and low 
power (82 wW/bit active and 0.63 uW/bit standby), the 
MCM660S5A has additional features such as TTL-compatible 
inputs with latch capability on the address inputs, three- 
state output with chip select control for easy memory ex- 
pansion in the word direction, only 32 refresh cycles 
required every 2 ms, and the power supply pins on the 
corner of the package to simplify power supply distribution 
and bypassing on the board. One high-voltage clock is 
required and there is no critical timing or signal overlap. 

The net result of these features can provide a big saving 
in system costs, not only because of the lower cost of the 
semiconductor memory per bit, but because of the in- 
creased packaging density per board, less support elec- 
tronics, bipolar logic compatibility, reduced power, and 
lower assembly costs. All of these savings will be apparent 
in the memory system to be covered in the following 
sections. | 

A detailed description of the operation of the 
MCM6605A is necessary for the design of the memory 
controller. The 4096 bits of storage are divided equally 


into four quadrants as noted in the block diagram given 
in Figure 2. In addition to the storage, the chip contains 
input address latches, row and column decoder logic plus 
additional logic to control the input and output of data 
to the storage area. 

The MCM660SA uses three internal clock signals to con- 
trol reading from, or writing into, the storage cells. These 
three clock signals (¢1, 62, and $3 shown in Figure 2) are 
controlled by Chip Enable (CE) and Read/Write (R/W) to 
perform the various read, write, refresh, or combination 
cycles possible with the MCM6605. The timing for these 
cycles is given in Figures 3 and 4. 

The $1 clock is on whenever CE is low (standby position) 
and precharges the dynamic circuitry of the MCM6605A in 
preparation for the start of a memory cycle. 


Read Cycle 


The one high level clock line, CE, is brought high to 
initiate all cycles. The rising edge of CE turns off the ¢1 
precharge and initiates the $2 clock. The $2 clock does 
several things in sequence. First, it latches the input 
addresses into buffers and drives the column decoders. 
These decoders use addresses AO to A4 to select one column 
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20 1918 


Chip 
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of 64 storage cells on each side of the chip and transfer 
the 128 stored data bits onto precharged bit sense lines. 
The row decoders use AS to All to select one bit of the 
128 bit sense lines. This selected bit is exclusive NORed 
with a data control cell (the purpose of which is explained 
under write cycle below) and is used to drive an output 
buffer/latch. The $2 signal terminates at this time after 
latching the data into the output buffer. The cycle can 
be terminated at this point by bringing CE low to standby, 
allowing $1 to precharge the memory before the next 
cycle. During this simple read cycle, R/W must remain 
high to inhibit writing. 


Write Cycle 


The write cycle is the same as a read cycle, up until 
@2 terminates with 128 bit sense lines holding the two 
columns of data. When $2 goes off, a 3 signal is initiated 
anytime R/W is in the write position. This $3 clock 
transfers the data on the 128 bit sense lines back into 
the storage array. The line selected by the row decoder 
(AS — Al11), however, has been overridden by input data. 
The write cycle is terminated by bringing CE low into 
standby. The ¢2 — $3 sequence of bringing data from the 


AQDA2 A4 
1716 15 


a 
® 
‘= 
® 
wn 
c 
® 
i?) 
= 
a 


© 7 Data Out 


Vop = Pin 22 
Vss = Pin 12 
Vgp= Pin 1 

Vec = Pin 11 


FIGURE 2 — Block Diagram 
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storage cells onto bit sense lines and then putting the data storage cells. The data control cells are identical to the 


back into the cells inverts the stored data since the read storage cells and are inverted each time a write cycle is 
Operation is inverting but the write operation is not. In performed. By performing an exclusive NOR function of 
order to keep track of the polarity of the stored data, a both input and output data with the control cell tied to 
row of data control cells is added to the array and is the same column, the relative polarity is always discernable 
driven by the same column decoder which drives the and inversions do not cause loss of data. 
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Refresh Cycle 

The write operation described above actually refreshes 
127 bits in the selected columns while it is writing into 
one bit. If the Chip Select (CS) signal is held high to inhibit 
the input data, then a write cycle would merely refresh 
all 128 bits. Therefore, one write cycle with CS high (now 
called a refresh cycle) on each of the 32 combinations of 
AO through A4 will refresh the entire memory as long as 
each address combination is used every 2 ms. 

When the memory is first powered up, the data control 
cells may not come up with a valid logic level and several 
refresh cycles may be required to insure a solid logic level. 
In system usage, this would cause no difficulty, since data 
would not normally be immediately written into the 
memory system. For memory test purposes, a preset 
input (pin 3) is included to preset these data control 
cells with a 200 ns pulse. This preset pin should be 
permanently grounded in systems unless there is some 
unusual requirement. 

Keeping the above memory operation in mind, the first 
phase of the design will be the PDP-11 interface. 


MEMORY SYSTEM 


First of all, the memory system can be divided into 
four distinct functions or sections as illustrated in Figure S: 
the memory — CPU interface, refresh address and control, 
memory timing control, and the memory array. 
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FIGURE 5 — Memory System Block Diagram 


1. Memory — CPU Interface 

To interface with the PDP-11 computer, the following 
bus lines are required: 18 address, 16 data, and 4 control. 
The least significant address bit, AO, is actually used with 
the control bits CO and C1 to determine if a write cycle is 
to be done on the lower byte (data bits DO — D7) or 
upper byte (data bits D8 — D15) as illustrated in Figure 6. 
The next 12 address bits, Al through A1 2, go directly to 
the memories to select one word from 4096 words; see 
Figure 7. Address bits A13 and A14 are used to select one 
4K memory block from the 16K words per memory board. 

Address bits A15, Al6 and A1l7 permit the main- 
memory capacity of the PDP-11 to be expanded to 128K 
words. Thus, only eight 16K memory boards are required 
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FIGURE 6 — Memory Control Truth Table (PDP-11) 


for the complete main-memory capacity of the PDP-11. 
The jumper box, illustrated in Figure 7, can be wired to 
decode address bits A15, Al6 and A17 for the selection 
of only one of the eight memory boards. 

The bus lines require special circuits to receive and 
transmit data so that the transmission-line characteristics 
of the lines will be maintained. The circuits chosen for this 
job were the MC3450/MC3452 quad line receivers and the 
MC4042 quad pre-driver. 


The MC3450/MC3452 Bus Receiver 


The MC3459 is a quad receiver that features three-state 
outputs; the MC3452 has open collector outputs. These 
line receivers were chosen because of the following features: 


(1) High input impedance keeps loading of the line 
to a minimum. 

(2) Minimum overdrive to switch receiver is 25 mW, 
which provides high noise immunity. 

(3) The differential input amplifier stage of the 
receiver can be used to provide either true or 
complement signals; see Figure 7. 

(4) Four receivers per package greatly reduce the 


total package count. 


In order to use the MC3450 or MC34572 as a single-ended 
line receiver, one input to the differential receiver has to 
be tied to a reference voltage. For optimum noise immu- 
nity, the reference voltage should be set halfway between 
the minimum high and maximum low voltage specified for 
the line. Minimum high for this system is 2.5 V and 
maximum low is 1.4 V. The optimum reference voltage 
(Vref) for these limits would be 1.95 V. The reference 
voltage generator is given in Figure 7. The voltage generator 
is designed to give a constant Vref of 1.95 V regardless of 
the line receiver current drain. The 1N914 diode is used 
to track the base-emitter voltage of the 2N3904 with 
temperature, thus providing relatively constant output 
voltage over temperature. Note that true and complement 
signals (AQ0/A00) in Figure 7 are easily generated by 
attaching the Vyef voltage to either the non-inverting or 
inverting inputs respectively. _ 
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FIGURE 7 — CPU/Memory Address and Control Interfaces 
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The MC4042 Bus Driver 


The only bus lines for this memory system that require 
bi-directional transfer are the 16 data lines illustrated in 
Figure 8. Data transmission on the bus must be done with 
open collector drivers that are capable of sinking 50 mA 


with a VoL less than 0.8 V. Also, the driver output must | 


be strobed high when data is not being transmitted. The 
MC4042 quad pre-driver meets these. requirements. The 
memory data register (MDR) is included in the data inter- 
face. The MDR is required to retain valid data on the bus 
because the memory CE signal is terminated before the 
system read cycle is complete. 
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2. Memory Timing Control 

Before discussing the design of the memory control 
section, it might be helpful to review the interaction 
required between the CPU and memory system for a read 
or write cycle. The following discussion will use the system 
timing diagrams shown in Figures 9 and 10 extensively. 


System Read Cycle | 

Figure 9 shows the sequence of events that must occur 
to successively transfer data from the memory to the CPU. 
At the start of a read cycle, the CPU sends the address of 
the storage location it wishes to receive data from, and the 
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FIGURE 10 — Typical System Write Cycle Time 
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control lines (CO, C1) tell the memory system that the 
operation to be performed is a read cycle. The logic state 
of CO and C1 for a read cycle is given in Figure 6. The 
CPU waits for at least 150 ns to allow for address deskewing 
and decoding before signaling the start of a read cycle with 
a master synchronization signal (MSYN). The remaining 
signals shown in Figure 9, with the exception of the slave 
synchronization signal (SSYN), are the same as those given 
in Figure 3. When the control board receives MSYN, the 
CS and CE signals are sent to the memories. At the end 
of the 210 ns Chip Enable clock, the memory controller 
must generate SSYN to indicate that the data read from 
the memories is valid. When SSYN is sent, the CPU 
strobes in the data and terminates the cycle by releasing 
MSYN. 


System Write Cycle 


With a write cycle, the data and the address of where 
the data is to be stored are placed on the bus as indicated 
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in Figure 10. The logic states of CO, Cl, and AOO (Fig- 
ure 6) determine whether the write cycle to be performed 
is a byte or a word. As with the read cycle, 150 ns is 
allowed for deskewing and decoding before MSYN is 
sent. The remaining signals given in Figure 10 are the same 
as those given in Figure 4. When the memory board receives 
MSYN, the data, CS, and CE signals are sent to the 
memories. At the end of the 330 ns Chip Enable pulse, 
the memory controller sends SSYN to the CPU to signal 
that the data has been stored. The CPU then terminates 
the write cycle by releasing MSYN. 

It should be apparent from the preceding discussion 
that the timing required for either a read or write cycle is 
extremely simple and that no critical overlapping of signals 
is required. The complete memory control section is given 
in Figure 11. Keeping the above memory timing description 
in mind, the memory control section performs in the 
following manner. 
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Memory Control — Read Mode 

_Although the CE clock time of the MCM660S5A for a 
read cycle is 120 ns less than that for a write cycle, the CE 
time for both the read and write cycles was made equal to 
simplify the memory controller. . 

For the read cycle, the logic states of control lines 
CO and C1 force the read/write buffers into the logic “1” 
state. A memory board enable (MBE) signal is generated 
from the ‘memory — CPU interface circuitry (Figure 7) 
when. the MSYN line goes low with the presence of a valid 
memory board address. The MBE signal propagates through 
the one-of-four demultiplexer (MC4007) and a CS signal 
is sent to the row of memories determined by addresses 
A13 and Al4. The jumper box allows the memory board 
to be only partially populated for smaller size inemioty 
requirements. 

The CS signal also enables the data bus drivers with 
Transmit, and the leading edge of CS triggers the MC8602 
one-shot which sets the memory CE clock pulse width 
(330 ns min). To conserve power, the memory CE clock 
driver is decoded so that only one row of memories will 
receive a clock pulse (see CE clock address in Figure 11). 


On the trailing edge of the CE pulse, the valid data will - 


be strobed into the MDR and the J-K flip-flop is clocked toa 
logic “1”. This enables the SSYN line, which tells the 
CPU that the data on the bus is valid. After the CPU 
strobes in the valid data, the CPU releases MSYN which 
terminates SSYN by resetting the J-K flip-flop. The ter- 
mination of SSYN completes the read cycle. 

Note in Figure 11 that the Q output of the J-K flip-flop 
is labeled Refresh Enable Delay (RED). This output is sent 
to the refresh control logic to delay the start of a refresh 
cycle if requested during a CPU cycle (see refresh control). 
The delay is necessary to insure the minimum tSB time of 
the memory; see Figures 3 and 4. 


Memory Control — Write Mode 


The controller performs in the same manner as the 
read mode with the following exceptions. The control 
lines force the Read/Write buffers into the write mode 
and they also disable the Transmit signal. 

On the trailing edge of the memory CE clock pulse, the 
SSYN line is set low to signal the CPU that the data is 
stored. The cycle is then terminated with the release of 
MSYN which resets the SSYN flip-flop. 


Memory Control — Refresh Mode 


To perform the refresh cycle, the memory controller is 
forced into a write mode with a refresh request (REF = 
logic “‘1”’). The REF signal also enables the refresh address 
and disables the MBE signal (see Figure 7). The MBE signal 
is disabled to prevent the memories from receiving a cs 
signal and the CPU a SSYN signal. 

The CE clock one-shot is triggered on the leading edge 
of REF and CE is sent to all of the memories (see 
section on clock driver). On the trailing edge of CE, a 
120 ns one-shot is triggered to delay the start of a CPU 
cycle that could be requested during a refresh cycle. This 


signal insures the minimum tgp time of the memory by 
keeping the MBE signal disabled for at least 120 ns after 
the trailing edge of CE (see refresh control). 


3. Refresh Address and Control 

In order to insure that data is retained, the whole 
memory must be completely refreshed every 2 ms as noted 
earlier. This can be accomplished by insuring that a write 
cycle is performed on each of the 32 column addresses at 
least once every 2 ms. There are two ways in which refresh 
can be performed. One method would be to initiate at 


the end of a 2 ms period a burst of 32 column refreshes, 


one refresh cycle followed immediately by another. The 
second would be to steal one column refresh cycle every 
62.4 us. The latter approach was taken since it would 
present the least interference to programs being executed 
by the CPU. 

To implement refresh, the following logic is needed: 
a 16 kHz clock, one 3-input NAND gate, two D latches, 
a 5-bit ripple counter, and a 5-channel digital multiplexer 
as illustrated in Figure 12. The 16 kHz can be generated 
with the MC4024, a voltage controlled multivibrator. The 
frequency of the MC4024 is adjusted to 16 kHz by setting 
the voltage on the dc control input with the 5 k ohm 
variable resistor. The control section is comprised of two 
flip-flops and the NAND gate. On the positive edge of the 
16 kHz clock, a logic “1”? propagates through the two 
flip-flops and REF is switched to a logic “1”. Of course, 
this assumes that no memory cycle is presently being 
processed (MBE input a logic “1”). If a memory cycle is 
being executed at the time a refresh cycle is requested 
(MBE a logic “‘0’”), then flip-flop #2 will not be set until 
the end of the memory cycle being executed (MBE 
switched to a logic “‘1”). When REF is switched to a logic 
“1”, the control logic of Figure 11 is set to perform a 
write cycle, and the external address coming from the 
CPU is switched to the refresh address. This gating of the 
addresses can be accomplished with the quad 2-input 
multiplexer (MC8322) and the MC7451 as shown in 
Figure 12. The refresh address is generated with the S-bit 
ripple counter comprised of the MC7493 and one-half of 
an MC7473. The refresh cycle is terminated on the trailing 
edge of the RDD pulse by switching flip-flop #2 (REF) to 
a logic “O”’. 

These three sections of the memory system are inte- 
grated into a single logic schematic shown in Figure 13. 
For clarity of interconnection between the memory array 
and the memory control section of the system, the address 
buffers and clock drivers are also included in the sche- 
matic. These devices will be covered in the following 
discussion of the memory array. 


- 4, Memory Array 
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The memory array contains sixty-four MCM6605A 
memories arranged in a matrix of four rows and sixteen 
columns as noted in Figure 14. The sixteen columns are 
divided into two groups of eight each with separate read/ 
write control signals. This partitioning scheme provides for 
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FIGURE 12 — Refresh Address and Refresh Control 


a byte as well as a word transfer. Also included in the 
memory array are address buffers and clock drivers. 


The MC3459 Address Line Driver 

Although the address inputs of the MCM6605A exhibit 
low input capacitance (5S pF max), the total parallel input 
capacitance of these lines in the array can exceed 300 pF. 
Standard TTL logic gates have insufficient current drive 
capability to rapidly switch a high capacitive load, there- 
fore, a high speed buffer, such as the MC3459, is required; 
see Figure 15. The MC3459 has sufficient output current 
to typically switch a 360 pF load in 20 ns. This fast 
switching of the lines can cause a considerable amount of 
overshoot so a 10-ohm series damping resistor is recom- 
mended. The output of the MC3459 also has an internal 
2.5 k ohm pullup resistor to provide a higher VQyH (3.2 V 
at -640 uA) than standard TTL logic gates. This higher 
VOH meets the minimum Vyy (3.0 V) requirement of 
the MCM660S. 


The MC3460 Clock Driver 
The MC3460 quad clock driver, see Figure 16, was 
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employed to meet the high voltage requirements of the 
memory CE input. The clock driver has internal logic to 
either select one of the four clock drivers for a normal 
CPU memory cycle or to select all four drivers at the 
same time for a refresh cycle. Two enable inputs are also 
provided for additional memory expansion to 64K words 
without additional address decoding. Other features of the 
MC3460 include fast switching (25 ns typical for a 480 pF 
load), and low de power for the Vpp supply (348 mW 
max for all four drivers in the logic “0” state). 


For the memory array given, each clock driver has to 
fan out to 16 memory chips. To drive this number of 
memory chips, an external 6.2 k ohm pullup resistor is 
required for each driver output to insure a minimum 
VoH of Vpp -1.0 V at a maximum leakage current of 
160 vA. A minimum 20 ohm damping resistor is also 
recommended on the CE lines to reduce overshoot. 


The memory system described was laid out on a 
standard size PDP-11 two-sided PC board as illustrated in 
Figure 17. A photo of the actual memory. board is given 
in Figure 18. 
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FIGURE 13 — Memory System Schematic 
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FIGURE 17 — PC Board Layout of Memory System 
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SYSTEM PERFORMANCE 


System Access and Cycle Time 
The performance of this memory system was measured 


under program control on the PDP-11 computer. The | 


following cycle times were measured from the 50% point 
on the leading edge of MSYN to the trailing edge of SSYN 
(see Figures 9 and 10). -- 


System Access: 305 ns (from MSYN to data valid on 


the bus) 
System Read Cycle: 830 ns 
System Write Cycle: 730 ns 


A considerable amount of the cycle time is spent by 
the CPU in acknowledging SSYN. Some of this wasted 
time could be used to advantage during a write cycle. That 
is, the SSYN could be sent to the CPU earlier by clocking 


the SSYN latch with a one-shot that has a smaller pulse | 


width than the CE one shot. 


System Power Considerations 


The MCM660S5A is a dynamic RAM that has essentially 
zero power drain when in the standby mode (CE is a logic 
0”). However, when the memory is active, the Vpp and 
VBB supplies have considerable dynamic current transients 
as noted in Figure 19. To insure that the noise does not 
exceed 0.35 V on the Vpp supply, a low inductance 
0.1 uF capacitor is required on the Vpp line for every 
two memory chips. For a 20 ns rise time on the chip 
enable clock, the bypass capacitors should not be separated 
more than 1.2 inches. The Vpp line requires only one 
0.01 uF capacitor for every four memory devices. 


FIGURE 19 — Typical Supply Current Transient Waveforms 


The Vcc line supplies current only to the output buffer — 


and, therefore, requires only a 0.01 uF bypass for every 
eight memory chips. 


The dc power dissipation of the memory system is given 
in Table 1. This dc power was measured while running 
worst-case noise test patterns on the memory systems. 


TABLE 1 — Typical Power Requirements 
for 16K x 16-Bit Memory Board 


Power Supply |Standby Power] Active Power 
Eee ae 
sa Weel] 28 | 478 


‘There are certain data transfers such as direct memory 
access (DMA) that would greatly increase the Vpp power. 
The following equation can be used to calculate the 
maximum active Vpp power fora DMA type data transfer: 


Pp = M(MCT) appa) (Vp) + (N-1)(M) x 


("77 )eopaxvoo» frencr) (IpDs) po) 


/ N= System word size 
where: 4096 
M =number of bits per word 


MCT = semiconductor memory cycle time 
‘SCT = system cycle time 
ts + 2 ms 
- number of REF cycles 


-IDDA = active Ipp current 
Ipps = standby Ipp current 


Using this equation, the maximum active VpDp power 
for this memory system is 4.46 W. This power figure was 


_ determined by using a system cycle time of 830 ns and 


the following MCM660SA parameters: 


(1) MCT =490ns 
(2) Vpp =12.6V 
(3) IppA =36 mA max 
(4) Ipps = 20uA max 
(5) T = 62.5 us 


The calculated power figure does not include the clock 
driver power. Even with the worst case DMA power figure, 
the power per bit is extremely favorable compared to 
other memory systems with comparable performance. In 
the standby mode with refresh, the average dc power 
figures taken from Table | show a typical 23.4 uW/bit 
for this system. 


SUMMARY 
This report has covered the features and operation of 


the MCM6605A N-channel MOS memory, and the com- 
plete design of a PDP-11 memory system employing this 


_ device. This design also incorporates some of the newest 
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semiconductor memory interface parts to reduce package 
count and enhance system performance. 

Because of the high density, high speed, and low power 
of the new 4K RAMs, such as the MCM660SA, they should 
find rapid and wide acceptance for mainframe memory 
systems applications such as the one just covered. 
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Reliability 


Paramount in the mind of every semicon- 
ductor user is the question of device performance 
versus time. After the applicability of a particular 
device has been established, its effectiveness de- 
pends on the length of troublefree service it can 
offer. The reliability of a device is exactly that — 
an expression of how well it will serve the 
customer. The following discussion will attempt 
to present an overview of Motorola’s MOS Re- 
liability efforts. 


BASIC CONCEPTS 


It is essential to begin with an explanation of 
the various parameters of reliability. These are 
probably summarized best in the Bathtub Curve 
(Figure 1). The reliability performance of a device 
is characterized by three phases: infant mortality, 
random failure and wearout. When a device is 
produced there is often a small distribution of 
failure mechanisms which will exhibit themselves 
under relatively moderate stress levels and there- 
fore appear early. This period of early failures, 
termed infant mortality, can often be reduced 
significantly through proper manufacturing con- 
trols and screening techniques. The most effective 
period is that in which only occasional random 
failure mechanisms appear. This typically spans 
a long period of time with a very low failure 
rate. The final period is that in which the devices 
literally wear out due to continuous phenomena 
which existed at the time of manufacture. Using 
reasonable design techniques and selectivity in 
applications, this period can easily be shifted 
beyond the lifetime required by the user. 


FIGURE 1— THE BATHTUB CURVE 
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Both the infant mortality and random failure 
rate regions can be described through the same 
types of calculations. During this time the prob- 
ability of having no failures to a specific point in 
time can be expressed by the equation 
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Frequency 


Po =eAt 

where A is the failure rate and t is time. Since 
dX is changing rapidly during infant mortality, the 
expression does not become useful until the ran- 
dom period, where A is relatively constant. In this 
equation JA is failures per unit of time. It is usually 
expressed in percent failures per thousand hours. 
Other forms include FIT (Failures In Time = 
[ %/103 hrs] x 10-4 = 10-9 failures per hour) 
and MTTF (Mean Time To Failure) or MTBF 
(Mean Time Between Failures), both being equal 
to 1/A and having units of hours. 

Since reliability evaluations usually involve 
only samples of an entire population of devices, 
the concepts of the Central Limit Theorem apply 
and A is calculated using the x2 distribution 
through the equation: 


2 x2 (&, 2r + 2) 


rN 
2nt 


100-CL 


where @= joo 


CL = Confidence Limit in percent 
r = Number of rejects 

n = Number of devices 

t = Duration of test 


The confidence limit is the degree of con- 
servatism desired in the calculation. The Central 
Limit Theorem states that the values of any 
sample of units out of a large population will 
produce a normal distribution. A 50% confidence 
limit is termed the best estimate and is the mean 
of this distribution. A 90% confidence limit is a 
very conservative value and results in a higher 
AX which represents the point at which 90% of 
the area of the distribution is to the left of that 
value (Figure 2). The term (2r + 2) is called the 
degrees of freedom and is an expression of the 
number of rejects in a form suitable to x2 tables. 


FIGURE 2 — CONFIDENCE LIMITS AND THE 
DISTRIBUTION OF SAMPLE FAILURE RATES 
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The number of rejects is a critical factor since the. 


definition of rejects often differs between manu- 
facturers. While Motorola uses data sheet limits 
to determine failures, sometimes rejects are count- 
ed only if they are catastrophic. Due to the 
increasing chance of a test not being represen- 
tative of the entire population as sample size and 
test time are decreased, the x2 calculation pro- 
duces surprisingly high values of A for short test 
durations even though the true long term failure 
rate may be quite low. For this reason relatively 
large amounts of data must be gathered to demon- 
strate the real long term failure rate. Since this 
would require years of testing on thousands of 
devices, methods of accelerated testing have 
been developed. | 

Years of semiconductor device testing has 
shown that temperature will accelerate failures 
and that this behavior fits the form of the 
Arrhenius equation: 


R (t) = Ro (t)eO/kKT 


where R (t) = Reaction rate as a function of time 
and temperature 
Ro =Aconstant 


t = Time . 

6 = Activation energy in electon volts 
k . = Boltzman’s constant 

T = Temperature in degrees Kelvin 


To provide time-temperature equivalents this 


equation is applied to failure rate calculations 
in the form 


where 
t =time 
tg = A constant 


The Arrhenius equation essentially states that 
reaction rate increases exponentially with temper- 
ature. This produces a straight line when plotted 
on log-linear paper with a slope expressed by 0. 
8 may be physically interpreted as the energy 
threshold of a particular reaction or failure mech- 
anism. The activation energy exhibited by MOS 
integrated circuits varies from about 0.7 eV for 
serious contamination problems to about 1.3 eV. 
Although the relationships do not prohibit devices 
from having poor failure rates and high activation 
energies, good performance usually does imply 
a high @. Studies by Bell Telephone Laboratories 
have indicated that an overall 6 for semiconductors 


is 1.0 eV. This value has been accepted by the 


Rome Air Development Command for time- 
temperature acceleration in powered burn-in as 
specified in Method 1015.1 of MIL-STD-883A. 
Data taken by Motorola on MOS devices has 
verified this number and it is therefore applied 
as our standard time-temperature regression for 


extrapolation of high temperature failure rates to 
temperatures at which the devices will be used 
(Figure 3). 

-To accomplish this, the time in device hours 
(t1) and temperature (T1) of the test are plotted 
as point P1. A vertical line is drawn at the tem- 
perature of interest (T2) and a line witha 1.0 eV 
slope is drawn through point P1. Its intersection 
with the vertical line defines point P2, and deter- 
mines the number of equivalent device hours (t2). 
This number may then be used with the x2 formula 
to determine the failure rate at the temperature 
of interest. Assuming T1 of 125°C at t1 of 
10,000 hours, a t2 of 7.8 million hours results 
at a T2 of 50°C. If one reject results in the 
10,000 device hours of testing at 125°C, the 
failure rate at that temperature will be 20%/1000 
hours using a 60% confidence level. One reject 
at the equivalent 7.8 million device hours at 50°C 
will result in a 0.026%/1000 hour failure rate, 
as illustrated in Figure 4. | 

Three parameters determine the failure rate 
quoted by the manufacturer: the failure rate at 
the test temperature, the activation energy em- 
ployed, and the difference between the test 
temperature and the temperature of the quoted 
A. A term often used in this manipulation is the 
“acceleration factor’’ which is simply the equiva- 
lent device hours at the lower temperature divided 
by the actual test device hours. 


Wearout 


Every device will eventually fail, but with 
reasonable care in design and application the wear- 
out phase can be extended far beyond the lifetime 
required. During wearout, as in infant mortality, 
the failure rate is changing rapidly and therefore 
loses its value. The parameter used to describe 
performance in this area is ‘‘Median Life’ and is 
the point at which 50% of the devices have failed. 
There are currently only two significant wearout 
mechanisms: electromigration of circuit metalli- 
zation and electrolytic corrosion in plastic devices. 

Electromigration is the current induced mass 
transport of metallization due to high temperature 
and current density. It is strongly affected by the 
type of metallization as well as the grain structure 
and surface sealing. It is therefore important that 
the designer predict the maximum junction tem- 
perature of the device, the current on all space 
limited lines and the process characteristics such 
as thickness variation, grain size, and step coverage. 
With these parameters fixed, a median life goal 
can be selected and the metal width chosen ac- 
cordingly. Reasonable consideration in the design 
phase coupled with careful die inspection can 
therefore eliminate this phenomena as one of. 
practical concern. 


FIGURE 3 — NORMALIZED TIME-TEMPERATURE REGRESSIONS FOR 
VARIOUS ACTIVATION ENERGY VALUES 
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For increased flexibility in working with a broad range of device hours, the time-temperature 
regression lines have been normalized to 500°C and the time scale omitted, permitting the user 
to define the scale based on his own requirements. 
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FIGURE 4 — FAILURE RATE 
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Median Life (Hours) 


A more pertinent mechanism is the electro- 
lytic corrosion of die metallization by moisture 
and applied voltage. Although it can occur in 
hermetic packages which are not properly sealed, 
hermeticity testing can easily limit it to plastic 
packaging. In plastic devices there is never enough 
adhesion between the plastic and the other com- 
ponents to overcome the stresses developed due 
to differing coefficients of thermal expansion. As 
a result moisture can enter the device along the 
interface of the lead frame and the plastic, pass 
between the surface of the wire and the plastic 
and reach the surface of the die. If contaminants 
are present in the water or in the package an 
electrolyte is created which will corrode the metal- 
lization in the presence of an electric field. The 
median life is determined by many factors such as: 

1. Matching of thermal expansion coefficients 
of the leadframe, wire, die and plastic 
Purity of the encapsulant 
Adhesion of the encapsulant 
Length and width of the leadframe interface 
Integrity of the final die passivation layer. 


oe aN 


Plastic package corrosion is evaluated by ex- 
posing the device to extremes of temperature and 
humidity while under bias. Through consistent 
bias configurations and control of the environ- 
ment, temperature-humidity-bias (THB) testing 
can be an invaluable indicator of performance. 
Typical test parameters are 85°C and 85% relative 
humidity. Pressure cooker test and operating tests 
under tropical conditions are also employed but 
are more difficult to repeat consistently. The 
problem with all the tests, however, is the diffi- 
culty in relating the results to the environment 
in which the customer will use the device. To 
accomplish this a model has been developed which 
substitutes vapor pressure for temperature in the 
Arrhenius equation. When available data points 


FIGURE 5 — VAPOR PRESSURE MODEL 
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are used to adjust the constants, the plot in Fig- 
ure 5 is the result. Based on several variations of 
THB conditions and extrapolated performance 
from burn-in tests, this mode! provides a good 
estimate of performance across the range of 
temperature and humidity environments possible 
in the customers application. 


Sampling Procedures 


There are primarily three methods of measur- 
ing how well a lot of product meets the quality 
and reliability requirements of the customer: 
100% testing using a Percent Defective Allowable 
(PDA), sampling based on an Acceptance Quality 
Limit (AQL), and sampling based on a Lot Toler- 
ance Percent Defective (LTPD). Since 100% test- 
ing is time consuming and expensive, sampling 
procedures are typically employed to assure ac- 
ceptably low defect levels. 

A PDA is simply a reject percentage above 
which the lot will be rejected. Depending on how 
the PDA was derived, it may or may not be 
statistically sound. The availability of theoretically 
accurate sampling plans in the various military 
specifications has led to wide use of AQL and 
LTPD plans. Depending on Jot size and sample 
size, three different probability distributions may 
be used to derive the sampling plan: the Binomial, 
the Hypergeometric and the Poisson. The assump- 
tions of a particular sample size (n) and accept- 
ance number (c) and the use of these distributions 
will generate an Operating Characteristic (OC) 
Curve as in Figure 6. The AQL is defined at the 
95% probability of lot acceptance level while the 
LTPD is defined at the 10% level. The AQL point 
describes the Producer’s Risk of rejecting good 
lot (5%) while the LTPD point describes the 
Consumer's Risk of accepting bad lot (10%) given 
that the incoming product contains the percent 
defective p. 


FIGURE 6 — OPERATING CHARACTERISTIC CURVE 
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It is important to remember that although the 
concepts of Producer’s and Consumer’s Risk are 
utilized to describe AQLs and LTPDs, both are 
merely indicators of the performance of the 
original population. Both. plans are widely used 
by manufacturers and users alike. By definition, 
LTPDs employ fixed sample sizes while AQL 
plans adjust the sample size according to the lot 
size. As in the case of failure rate determination, 
the criteria established to determine rejects and 
their interpretation are key factors in determining 
the performance of lots during inspection. 


THE SOURCE OF RELIABILITY 


One of the most popular sayings about relia- 
bility is that it must be “built in’’, not “‘tested 
in’, Every manufacturing process exhibits a 
distribution of quality and reliability. The intent 
of the saying is that this distribution must be 
controlled to assure a high mean value, a narrow 
range and a consistent shape. Through proper 
design and process control this can be accom- 
plished, thereby reducing the task of screening 
programs which attempt to eliminate the lower 
tail of the distribution. 


Design 

A close interface must be maintained between 
reliability and design. For this reason a large part 
of the reliability staff is dedicated to a day by 
day interface with the device design and modeling 
groups. Through this mutual effort new tech- 
niques are evaluated and proven before they are 
committed to production. Special test vehicles are 
generated and experiments performed to verify 
that the performance of new approaches meets or 
exceeds the standards of the product line. This 
effort is not only a beneficial application of relia- 
bility but an absolute necessity to provide the 
rapid product development demanded by the 
dynamic integrated circuit marketplace. 


Processing 


-_{n addition to the design interface, reliability 
engineers work closely with process engineers in 
both the wafer and assembly areas. As each new 
process is developed, it is also tested to assure 


' that it presents no hazards to the reliability of 


the ultimate product. This testing is an extensive 
qualification program which is performed inde- 
pendently on processes, packages and designs. 


New wafer processes are qualified using process 
control patterns and prototypes of production 
devices. Each new package is tested using methods 
based on MIL-STD-883A. Assembly process 
changes are qualified by employing them in the 
construction and testing of well characterized 
products. After these primary level qualifications, 
wafer processes are generically qualified in new 
packaging systems to assure process-package com- 
patibility. While assembly oriented qualifications 
center around the thermal-mechanical sequences 
of MIL-STD-883A, wafer process qualifications 
emphasize dynamic high temperature stress test- 
ing. (see Figures 7 and 8.) 

After testing has proven the performance of 
the process, it is specified and documented to 
provide a baseline for process control. Beyond the 
detailed process control efforts of the process 
engineering groups, an In-Process Quality Assur- 
ance (IPQA) group exists to assure that process 
control is meeting its objectives. [PQA accom- 
plishes this through surveillance of both the wafer 
and assembly areas (see Figure 9). There are two 
major inspection points in the wafer processing 


- areas: CV Plotting and Final Visual. Samples from 


each wafer lot are stringently tested for voltage 
shift and inspected for gold backing and visual 
defects. The three major inspection points in the 
Assembly Area are Die High Power, Die Bond- 
Wire Bond and Pre-Cap. 


FIGURE 7 — PACKAGE EVALUATION 
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All of these inspection points are known as 
“Gate Inspections’’ and are performed on lots of 
material. Wafers are grouped into lots which 
generally consist of thirty to fifty wafers while 
individual devices are grouped into assembly 
orders consisting of 500 to 2000 devices. Each 
lot or assembly order is submitted to In-Process 
Quality Assurance Gate Inspection. If accepted, 
they are passed to the next operation, while 
failed material is returned to Production for 100% 
screening. Only the wafers or devices that meet 
all established standards are accepted for con- 
tinued processing. 

“‘Monitor” inspections are performed in the 
assembly area on each individual machine and 
operator. The monitors are designed to control 
the Operation, and provide feedback of quality 


problems to the responsible production super- 

vision. Periodic line audits are used to check for: 
1. Documented procedures on each operation 

Proper usage of specifications 

Up-to-date calibration of equipment 

Proper settings on equipment 

Housekeeping 

Safety precautions. 


Dawn 


Comprehensive training programs are provided 
for all domestic and off-shore personnel, new 
plant start-ups, changes in specifications, or pro- 
cess changes. The primary objective is to evaluate 
the material in process and assure that MOS prod- 
ucts meet the levels of reliability and quality 
which are consistent with the requirements of 
our customers. 


FIGURE 8 — INITIAL EVALUATION OF NEW PRODUCT 
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FIGURE 9 — IN-PROCESS QUALITY ASSURANCE FLOW CHART 
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During the past thirty years that semicon- 
ductor products have existed, a wide variety of 
screening techniques have evolved to eliminate 
the lower tail of the process distribution discussed 
previously. These techniques may be categorized 
in two ways, as illustrated by the two axes of the 
matrix in Figure 10. The performing agency 
varies depending on the type and purpose of the 
test. Most screens utilized by the industry today 
are based on MIL-STD-883A and are employed 
by Motorola in the various categories of Figure 10. 


Several 100% visual screens are performed 
during assembly using both stereozoom and metal- 
urgical microscopes. Subsequent sampling is per- 
formed by In-Process Quality Assurance as de- 
scribed above. Assembly mechanical tests for 
hermetic product consist of: 

1. Gross leak sampling 

2. Temperature cycling 

3. Krypton-85 fine leak testing. 
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Other.tests available as adders include stabilization 
bake and centrifuge. Stabilization bake originated 
with Mesa transistors which had exposed junctions. 
The high temperature bake had a significant effect 
on stabilizing the junction leakage and low cur- 
rent beta. Since integrated circuits have no ex- 
posed junctions, Motorola has found no benefit in 
stabilization bake. The intent of centrifuge is to 
exert a force on the wire bonds which would 
detect latent failures. Calculations have shown 
that even at 30,000 Gs, a higher than normal 
military requirement, the force on a wire is in the 
order of 100 mg. This is insignificant compared 
to a wire pull average of at least 7000 mg. Since 
each wire bonder is sampled continuously to pro- 
‘vide constant control, centrifuge becomes a 
needless screen. Occasionally die bonds can fail in 
acentrifuge test, but Motorola controls this factor 
by employing stringent fillet and wetting criteria 
ina 100% visual screen enforced by In-Process OA. 


FIGURE 10 — TESTING CATEGORIES 
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Many vendors offer extensive screening pro- 
grams as an adder. Although some features defi- 
nitely improve reliability, many are far from cost 
effective. As in the case of stabilization bake 
and centrifuge for hermetics, many unnecessary 
screens are applied to plastic product. Stabiliza- 
tion bake is often touted as a screening procedure 
for plastics, but this is usually the standard cure 
cycle through which every plastic device is pro- 
cessed. Temperature cycling and thermal shock 
are tests commonly employed to test for latent 
wire bond failures. This was a significant problem 
when the industry was using aluminum wire on 
various silicone compounds, and continues to be 
for those vendors who have not properly balanced 
the thermal expansion coefficients of the package 
components. Motorola, like many of the large 
suppliers, has spent years of research and testing 
in optimizing its epoxy Novolac plastic package 
to the extent that temperature intermittence has 
been virtually eliminated. In addition, recent 


work by Fitch* has shown that repeated tem- 
perature excursions Over the military temperature 
range definitely degrade the THB life of plas- 
tic product. 

At the end of the assembly process, production 
final test screens the product with a comprehen- 
sive series of dc, functional, and speed oriented 
electrical tests. These tests are normally more 
stringent than data sheet requirements and are 
sampled by Outgoing Quality Assurance. Outgoing 
QA establishes controls on the equipment, pro- 
cedures and test programs. Through the use of 
such monitoring and standard correlation units, 
this In-Line Quality System (Figure 11) certifies 
that each unit has been screened to program limits 
such that all specifications are met or exceeded. 
Complementing the In-Line systems is a statistical 
sampling program based on MIL-STD-883A, Meth- 
od 5005.2. This Group A inspection to Class B 


~ levels is detailed in Figure 12. 


FIGURE 11 — MOS OUTGOING QUALITY ASSURANCE 
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Encapsulated TTL Gates, RLC #1239 Motorola 
Integrated Circuit Reliability Report, Revised 
February 1975. 


* Fitch, William and Carpenter, Marvin: The Effect 
of Thermal Shock and High Temperature Storage 
on the Temperature Humidity Bias Life of Plastic 
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FIGURE 12 — GROUP A ELECTRICAL TESTS? 
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The specific parameters to be included for tests in each subgroup shail be as specified in the applicable procurement 
document. Where no parameters have been identified in a particular subgroup or test within a subgroup, no 
Group A testing is required for that subgroup or test to satisfy Group A requirements. 


2 A single sample may be used for all subgroup testing. 


numbers of components require greater com- 
ponent reliability. Infant mortality should be esti- 
mated and used to calculate service costs. This 
data should be balanced against the cost of a 
functional burn-in and possibly a board or system 
burn-in. Long term reliability goals should be 
established for the system and used to calculate 
the necessary long term failure rate for the com- 
ponents. Long term failure rates cannot be effec- 
tively improved by short burn-ins unless they 
include infant mortality failures. (Infant mortality 
is included in Motorola’s data.) Infant mortality 
can be effectively screened by short term acceler- 
ated stress testing such as a 24 to 48 hour high 
temperature functional burn-in. The concepts 
defined earlier can be used to relate the burn-in to 
equivalent system hours. Often, customers who 
are experiencing problems fail to distinquish 
between infant mortality, long term reliability 
and wearout. It is imperative that failure patterns 
be sufficiently investigated and recorded to accom- 
plish this. Buying a Hi Rel device will not solve a 


In addition to these two programs, all MOS 
product lines are monitored continuausly via an 
MOS Ongoing Reliability Evaluation (MORE) 
Program for mechanical, environmental and oper- 
ating life performance. This program evaluates the 
most recently manufactured product on a sched- 
uled basis with methods derived from MIL-STD- 
883A (see Figure 13). MORE provides current 
generic data for process control feedback and, 
just as important, a ‘‘no charge’’ assurance of com- 
pliance to military quality standards for all 
MOS products. 

When necessary, production burn-in is per- 
formed on particular device types. Burn-in pro- 
cedures are always available at competitive ad- 
ders. Qualification testing by Reliability Engin- 

eering has been described, and Motorola’s relia- 
bility data is presented in the following section. 


SYSTEM IMPLEMENTATION 
Assessing System Requirements 


The reliability needs of each system and appli- _ problem caused by poor handling or an unforseen 
cation differ significantly, so the various aspects overstress in. the application. 
of component performance must be analyzed — The system environment should be given care- 
separately. The two parameters which should be | ful consideration when choosing between plastic 
addressed initially are infant mortality and long and hermetic packages. Sustained high temper- 
term random failure rate. Systems with large ature and humidity will accelerate the corrosion 
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wearout mechanism in plastic according to the 
model in Figure 5. Office environments, however, 
will rarely produce a detectable difference in 
plastic and hermetic packages. Since the die and 
wire bonding systems are totally encapsulated in 
plastic, these packages can often outperform her- 
metics for both thermal conductivity, and mech- 
anical shock and vibration resistance. The potential 
for moisture condensation should be evaluated in 
light of the lead material and finish, whether the 
package is hermetic or plastic. Unusually moist or 
contaminated atmospheres can rapidly corrode 
ferrous metals under bias, regardless of the finish 
material. 

Cost effectiveness is also influenced by the 
number of defective units received by the cus- 
tomer. For various reasons, a small percentage of 
product is defective as received. This may be due 
to handling, correlation, shipping damage or a 
host of minor difficulties. The percentage of these 
defects should be less than one percent and any 
significant levels should be discussed with the 
vendor immediately. 


Comparing Competitors’ Data 


Every manufacturer has a slightly different 
method of generating his reliability data. It is 
therefore difficult for a user inexperienced in 
reliability calculations to make a valid comparison. 
Toward this end the concepts introduced earlier 
will be of great value. The following list should be 
verified before any conclusions of vendor superi- 
ority are drawn. 

1. Confidence limit 

2. Reject criteria (degradation, data sheet, 

functional, catastrophic, specific mech- 
anisms) 

3. Temperature of test 
Activation energy 
5. Distortion of failure rate due to alow 

number of device hours 
6. Biasing configuration 
7. Test monitoring (system failures can pro- 

duce impressive results due to less stringent 
stress being applied to the device). 


= 


Only if all these factors are considered can a truly 
objective comparison be made. 


FIGURE 13A — PRODUCTION LINE PROCESS EVALUATION 
| pc. 6 (Independent of package unless otherwise noted) 


Subgroup A2 
Electrical dc and Functional 


Subgroup C1 
Storage Life 


End Points: Electrical 


Subgroup C2 
Operating Life or 
Steady State Bias 


End Points: Electrical 


Subgroup C3 . 
Accelerated Steady State Life 
only). 


End Points: Electrical 


Condition or Procedure 
Subgroup A1 
Electrical dc and Functional All parameters per detail device specification at 25°C + 5°C. (Go/No go) 


Critical parameters per detail device specification at minimum and maximum rated 
operating temperature. (Go/No go) 


Subgroup A3 

Electrical Switching Critical switching parameters per detail device specification at 25°C + 5°C. (Go/No go) 
Subgroup A4 

Electrical Continuity Plastic package only; all pins at 125°C. (Go/No go) 


1000 hours at maximum rated storage temperature. 


Functional and dc at 25°C + 5°C; read and record at 168 hours, 500 hours, 1000 hours, 
and each 1000 hours until termination. 


1000 hours minimum at maximum rated Operating temperature. Conditions specified per 
device type in 12MRBO6389A. 

Functional and de at 25°C + 5°C; read and record at 168 hours, 500 hours, 1000 hours, 
and each 1000 hours until termination. 


48 hours minimum at 200°C static. Burn-in circuit per 12MRBO6389A (CMOS ceramic 


Functional and dc parameters at 25°C + 5°C. Read and record. 


FIGURE 13B — HERMETIC PACKAGE EVALUATION 


' Subgroup B1 . 
Solderability 2003.1 Temperature = 260°C maximum. Omit Aging. 


Subgroup B2 
Lead Fatigue 2004.1 Condition B2 


Subgroup B3 
Seal 
a. Fine Condition B , 
b. Gross Condition C2. Omit vacuum of Step 2. 
Subgroup B4 
Physical Dimensions 2016 Per case outline drawing 
Subgroup B5 
Marking Permanency 2015 Resistance to solvent 


Subgroup B6 : 
Bond Strength 2011.1 Test Condition D 


Subgroup C1 
Thermal Shock 
Temperature Cycle 


Condition B (15 cycles) 
Condition C (30 cycles) 


End Points: 


Seal 

a. Fine Condition B 

b. Gross’ Condition C2. Omit vacuum of Step 2. 
Continuity All pins at 25°C + 5°C 
Visual Any crack at 10X magnification 


Subgroup C2 
Mechanical Shock 
Vibration, Variable Frequency 
Constant Acceleration 


Condition B (Y1 axis only) 
Condition A (Y axis only) 
Condition E (Y1 axis only) 


End Points: 


Seal 

a. Fine Condition B 

b. Gross Condition C2. Omit vacuum of Step 2. 
Continuity All pins at 25°C + 5°C 
Visual Any crack at 10X magnification 


Subgroup C3 . 
Salt Atmosphere Condition A 


FIGURE 13C — PLASTIC PACKAGE EVALUATION 


Subgroup B1 
Solderability 2003.1 Temperature = 260°C + 10°C. Omit Aging. 
Subgroup B2 a 
Lead Fatigue 2004.1 Condition B2 
Subgroup B4 : 
Physical Dimensions © Per case outline drawing 
Subgroup B5 . 
Marking Permanency 2015 


Subgroup C1 
Thermal Shock 1011.1 
Temperature Cycle 1010.1 


Resistance to solvent - 


Condition A (15 cycles) 
Condition A (15 cycles) 


End Points: 
Continuity All pins at 125°C + 5°C 
Visual 


‘Any crack at 10X magnification 


Subgroup C2 
Mechanical Shock 

Vibration, Variable Frequency © 
Constant Acceleration 


Condition B (Y1 axis only) 
Condition A (Y axis only) 
Condition E (¥1 axis only) 


End Points: 
Continuity 
Visual 


Subgroup C3 
Salt Atmosphere 1009.1 


Subgroup C4 
Temperature/Humidity/Bias 


All pins at 126°C + 5°C 
~ Any crack at 10X magnification 


Condition A 


85° C/85% RH/10 V 


End Points: 
DC and Functional 


25° C Go/No go. Read and record rejects at 168 hours, 500 hours, 1000 
hours, 1250 hours, 1500 hours. 
All pins at 125°C 


Continuity 
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FIGURE 14 — MEMORY FAILURE RATE 
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Motorola Data 


Motorola MOS failure rates are generated by 
dynamic high temperature stress testing at the 
maximum ratings of the device, or higher. A 60% 
confidence level is employed in the standard 
x2 calculation and the Arrhenius model, with a 
1.0 eV activation energy, is used to extrapolate the 
data to typical operating temperatures. 1.0 eV was 
chosen based on the work done at Bell Tele- 
phone Laboratories, its acceptance by the Rome 
Air Development Command for MIL-STD-883A, 
and its consistency with our MOS data. Since 
junction temperature is the most meaningful 
parameter for reliability data, the failure rate 
curves are constructed from extrapolations to 
80°Cand 50°C Ty (see Figure 14). 

Wafer process variations are continuously mon- 
itored by classification probe and capacitance 
voltage testing in the wafer area, and by MORE 
sampling in Outgoing Quality Assurance. In addi- 
tion to this, a system of periodic reliability tests 
is being implemented with Process Control pat- 
terns to establish the process distribution and 
track significant variations. Current tests with 
15 V static bias at 150°C for 500 hours produced 
the plots of threshold stability shown in Fig- 
ure 15. 
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In an effort to investigate system reliability 
of the MCM6605AL, 32K bytes of core in a 
PDP-11-15 minicomputer were replaced with 64 
of the dynamic, N-channel, silicon gate memories. 
The memory board was then exposed to 70°C in a 
temperature-controlled environment (Tj ~ 80°C) 
with the following (worst-case) voltage conditions: 
Vop = 11.4 V, Vcc = 4.5 V and Vep = -4.75 V. 
The system was programmed to monitor the mem- 
ory board with a comprehensive and sensitive 
series of patterns. After more than 1300 hours of 
continuous operation there were no failures. A 
second test under more stringent refresh condi- 
tions has performed for 660 hours with no failures. 

An ongoing improvement program has pro- 
duced impressive results in plastic package temper- 
ature-humidity-bias performance. Based on CMOS 
testing, the Weibull plots of Figure 16 demonstrate 
this trend. There is a full two fold increase in 
median life since the data used to generate the 
vapor pressure model in Figure 5. Although it is 
not known if a parallel shift of this curve to the 
latest 85/85 results (ML = 4200 hours) is justified, 
the extrapolated performance to normal environ- 
ments is impressive. 


FIGURE 15- PROCESS CONTROL PATTERN 
THRESHOLD STABILITY TESTS 


(PC-78, From MCM6605A Wafer; VtTo = 2(V1) - V2, 11 = 10 WA, 12 = 40 WA) 


Fig. 15a — Test Fixture 


504 Hour Measurements, Volts 


09 10 1.1 #12 #23 44 #15 146 12.7 


Initial Measurements, Volts 
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Fig 15c — Small Device #2 


504 Hour Measurements, Volts 


0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 


Initial Measurements, Volts 


Fig. 15d — Large Device 


504 Hour Measurements, Volts 


1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 


Initial Measurements, Volts 
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FIGURE 16 — PERFORMANCE HISTORY 
(TEMPERATURE HUMIDITY BIAS, WEIBULL PROBABILITY) 
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Periodically samples of competitors’ product 
bought from distributors are tested with Motorola 
methods. To date no other vendor has performed 
as well as Motorola (see Figure 17). This data was 


gathered on CMOS product, but is an excellent 
indicator of the Motorola plastic packaging system. 


Testing of LS! devices under THB conditions is 
more difficult since static bias does not stress 
internal circuitry and cannot be easily related to 
field use. On the other hand, dynamic bias at even 
low frequencies is often degraded beyond mean- 
ingful levels by board leakage due to condensation. 
Establishing valid THB models for LSI is an 
industry wide problem and programs are currently 
underway at Motorola to bridge the gap between 
testing and field performance. 

Proper evaluation of rejects and feedback to 


processing can occur only through intensive failure 
analysis. To support the processing areas, product 
groups and R & QA, a Product Analysis Labor- 
atory exists. ‘State-of-the-art’ analytical tools are 
at its disposal including mass spectrometry, Auger, 
electron microprobe, scanning electron micro- 
scopy (with voltage contrast strobe capability) and 
others too numerous to mention. This capability 
is complemented by computer tracking systems 


to evaluate failure patterns and distributions. A 


and N-Channel 
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simplified example is illustrated in the bar chart 
of Figure 18. 

Detailed information on sectie: device types 
is available through individual reliability reports. 
This series also includes program plans, CMOS 
generic reports and a plastic 
packaging report. 


Cumutative Percent Failure 


FIGURE 17 — VENDOR COMPARISON 


A — Temperature Humidity Bias 
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Vendor % Failure Cycling 


Motorola 


Processing and Handling 


No matter how good the reliability data, 
screening procedures, or incoming inspection, 
devices are still subject to degradation or des- 
truction by processing and handling. All MOS 
vendors use input protection devices and most 
perform well, but there is no device which totally 
protects the circuit against all conditions. Most 
users are familiar with good static prevention 
procedures, but there are few, if any, who could 
not have prevented a small percentage of in- 
process failures by a careful review of their 
assembly lines. Every point at which a MOS 
device is handled apart from its conductive foam 
or rail should be evaluated. Conductive work 
surfaces and wrist straps (making contact with 
skin) should be tied to ground through a nominal 
one megohm resistor. Test equipment should be 
checked to assure grounded sockets during inser- 
tion and the absence of voltage spikes. Printed 
circuit board handling should be consistent with 
device handling using conductive bags or edge 
connectors. Conformal coating processes (which 
can extend the application range of plastic) or 
cleaning procedures should not be overlooked as 
possible sources of difficulty. Service personnel 
should be educated in handling procedures since 
even when service is completed successfully, val- 
uable failure information can be masked by static 
damage. With reasonable effort very little static 
damage can be expected, but considering the 
higher cost of LSI, a review is always worthwhile. 


FIGURE 18 — FAILURE CAUSE 


Category 
Gate Rupture 
Electrical Sie 
No Defect Uncovered 
Wire and Die Bonds 
Current Leakage 
Wafer Processing Defect 


Test Correlations 


Improper board cleaning procedures can often 
degrade plastic product performance. High purity 


flourocarbon systems are preferred to water based 


systems which can more easily introduce contam- 
_inants, particularly in the presence of wetting 
agents. Cooling the device during the clean or 
pressurized systems can also enhance the entrance 
of moisture and contaminants into the package 
along the lead-plastic interface. Even if contam- 
inants are not present, a thorough bake should 
be performed to prevent premature introduction 
of an electrolyte. 
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CONCLUSION 


This discussion has attempted to educate the 
user with the pertinent concepts of reliability, 
_ quality assurance, vendor selection and product 
use. Motorola’s reputation for reliability and 
customer support has been established by the 
philosophy of its leadership and is being per- 
petuated through the efforts of MOS Reliability 
and Quality Assurance. Customer assistance is 
always available through sales offices, marketing 
orR & OA personnel directly. 
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TA 


INTRODUCTION 


Probably nowhere else has semiconductor technology achieved greater complexities 
and higher circuit densities in practical, real-world products than in today’s advanced 
“NMOS memories. These devices permit greater memory capacity per unit volume and 
lower costs per bit than imaginable only a few years ago. 

However, these memory IC’s do not function alone. As an approximate rule of thumb, 
for each three memory packages in a typical system, one package of support interface cir- 
cuitry is required. Some memory IC’s require only low-voltage address and control line 
drivers and higher-voltage clock drivers. Other types require a sense amplifier in addition 
to the drivers. 

The address and clock drivers are necessary since the inputs to MOS memories appear 
as highly capacitive loads and substantial peak currents are required to charge or discharge 
this capacitance rapidly. These currents are generally in excess of thet. available from 
standard logic gates. : . 

The output from these MOS memories is genetally a low level pulse which requires am- 
plification and buffering to make it compatible with logic systems. The sense amplifier 
can be constructed of MOS devices and placed on the chip with the memory cells or left 
to the system engineer to provide bipolar interface circuitry, as is generally the case in the 
older generation memories or the new higher-speed types. 

Motorola continuously studies the advancing memory field, along with new technol- 
ogies and architectures, to define new drivers and sense amplifiers to meet the coming 
needs of memory systems. | 
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QUAD NMOS ADDRESS LINE DRIVER 


MC3459 


Specifications and Applications 
Information 


QUAD NMOS MEMORY ADDRESS DRIVER 


The MC3459 is designed for high-speed driving of the highly 
capacitive Address select inputs for NMOS Memories. It is also useful 
in numerous applications requiring a high-current MTTL NAND 
gate. It is pin-compatible with the popular MC7400 Quad NAND gate. 


@ Fast Propagation Delay Time — 
20 ns Typical with 360 pF Load 
® Output Voltages Compatible with NMOS Memories 
@ Inputs Compatible in MTTL and MDTL Logic Families 
@® Output Loading Factor — 50 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 


OUTPUT 
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QUAD NMOS ADDRESS 
LINE DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L. SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


Input 
1A 


Input 
2A 


Output 
A 


P SUFFIX 
PLASTIC PACKAGE 


TYPICAL OPERATION 


Vec=5.0V 50° Cc = 360 pF 
Ta=28°c "AV R= 00 


MC3459 (continued) 


MAXIMUM RATINGS (Tg = 25°C unless otherwise noted.) 


Power Dissipation (Package Limitation 
Ceramic Package @ Ta = 25°C 
Derate above Ta = 25°C 


Plastic Package @ Tp = 25°C 
Derate above Ta = 25°C 
Ceramic Package @ Tc = 25°C 
Derate above Tc = 25°C 
Plastic Package @ Tc = 25°C 
Derate above Tc = 25°C 


Operating Ambient Temperature Range 


Junction Temperature 
Ceramic Package 
Plastic Package 


torage Temperature Range 


Symbol [Min | Typit) 
_ | Input Voltage — High Logic State 
Input Voltage — Low Logic State 


Input Current — High Logic State 
(Vcc = 5.25 V, Vip = 2.4V) 
(Vcc = 5.25 V, Vip = 5.5V) 


Input Current — Low Logic State He ~3.6 mA 
(Vcc = 5.25 V, Vi, = 0.4 V) 


Output Voltage — High Logic State 

(Vcc = 4.75 V, Vi_ = 0.8 V, OH = -640 uA) 
(Vcc = 4.75V, Vit = 0.8 V, loy = -2.0 mA) 
Output Clamp Voltage 
(Vcc = 5.25 Vi ViL = OV, toc = 5.0 mA) 
Output Voltage — Low Logic State 

(Vcc = 4.75 V, Vin = 2.0 V, loz = 640 uA) 
(Vcc = 4.75 V, Vi = 2.0 V, lot = 80 mA) 


Power supply Current — Outputs High Logic State ICCH 12 mA 
(Voc = 5.25 V, Vi, = OV) 


Power Supply Current — Outputs Low Logic State 
(Vcc = 5.25 V, Vip = 5.0 V) 


. Characteristic 


Propagation Delay Time. — High to Low Logic State 


Propagation Delay Time — Low to High Logic State 


(1) Typical values measured at Ta = 25°C, Voc = 5.0 V. 


MC3459 (continued) 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES 


——} [— trot. < 5.0 ns To Scope To Scope 
(Input) (Output) 


f= 1.0 MHz 
PW = 500 ns 


1/4-MC3459 


Pulse 
Generator 


All four drivers 
tested simultaneously 


= 360 pF 
(inctudes probe and 
jig capacitance) 


Output 


VOL 


TYPICAL PREFORMANCE CURVES 


FIGURE 2 — POWER CONSUMPTION versus FIGURE 3 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
OPERATING FREQUENCY versus OUTPUT CURRENT 


Pc, POWER CONSUMPTION (mW) 
(TOTAL OF FOUR DRIVERS) 


: 0 50 46100 «6150 200 250 300 350 400 450 500 
f, FREQUENCY (MHz) 10H, OUTPUT CURRENT — HIGH LOGIC STATE (mA) 


VOH, OUTPUT VOLTAGE — HIGH LOSIC STATE (VOLTS) 


FIGURE 4 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT FIGURE 5 — OUTPUT VOLTAGE — LOW LOGIC STATE 


(Expanded Scale) versus OUTPUT CURRENT 
400 


Hite 
LN 


Vcc = 4.75 V 
100 Ta = 259°C 
Vin = 2.0V 


Von, OUTPUT VOLTAGE — HIGH LOTIC STATE (VOLTS) 
VoL, OUTPUT VOLTAGE — LOW LOGIC STATE (mV) 


loH, OUTPUT CURRENT — HIGH LOGIC STATE (mA) loi, OUTPUT CURRENT — LOW LOGIC STATE (mA) 
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MC 3459 (continued) 


APPLICATIONS SUGGESTIONS 


A majority of the new N-Channel MOS memories have 
TTL logic compatible inputs that exhibit extremely low 
input current and capacitance (typically 5 pF to 10 pF). 
However, in a typical memory system (Figure 6) where 
some of the inputs such as Address lines have to be 
common, the total parallel input capacitance can be over 
300 pF. Standard TTL logic gates have insufficient current 
drive capability to rapidly switch a high capacitive load; a 
high speed buffer, such as the MC3459, is required. 

Aconsiderable amount of noise can be generated during 
switching due to the high speed and high current drive 
capability of the MC3459. The high capacitive discharge 


current during the high to low transition, plus current. 


spikes can result in a considerable amount of noise being 
generated on the ground lead. Current. spikes are due to 
both the upper and lower output drive transistors being 
on for a short period of time during switching. This causes 
a very low impedance path between Vcc and ground. 
In order to minimize the effects of these currents, the 
following layout rules should be followed: 
1. The Vcc supply pin of each package should be by- 
passed with a low inductance 0.01 uF capacitor. The 
0.01 uF capacitor will sustain the high surge currents 
required during switching. 
2. There is a large amount of current out of the ground 
node during switching — the noise seen at this node 


will be proportional to the ground impedance. The 
impedance of the ground bus can be reduced by in- 
creasing its width. At least a 50 mil ground width is 
recommended. 

Some of the NMOS memories with TTL logic com- 
patible inputs do not actually meet the TTL logic level 
requirements in the input high state voltage (Vj}4). There 
are N-Channel MOS memories with a V}H minimum 
ranging from 2.4 V to 4.0 V. The MC3459 can directly 
interface with those N-Channel memories having a Viy 
minimum of 3.0 V. The higher driver output levels can be 
accomplished by adding a pull-up resistor to Vcc or by 
increasing the Vcc voltage. There are some N-Channel 
MOS memories, such as the MCM7001, that have a supply 
requirement of 7.5 V. The high maximum supply voltage 
rating of the MC3459 can accommodate a 7.5 V Vcc 
supply without affecting its input TTL logic compatibility. 
Figure 4 gives the typical VOH versus IO} characteristics 


‘for both Vcc = 5.0 V and Vcc = 7.5 V. An expanded 


output characteristic curve of Figure 4 is illustrated in 
Figure 5. 

The MC3459 can be used in a variety of applications 
including, high fan-out buffer (drives 50 standard TTL 
loads) and low impedance transmission line driver. 


FIGURE 6 — TYPICAL APPLICATION 
16K X N Memory System Employing 
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. MC3460 
MC3466 


Specifications and Applications 
Information 


QUAD NMOS MEMORY CLOCK DRIVERS 
WITH REFRESH SELECT LOGIC 


The MC3460 and MC3466 are quad drivers for use with high-level 
clock lines in NMOS RAM systems. The MC3460 version is specified 
for 4K memory applications with a Vpp1 power supply voltages to 
+13 V. The MC3466 version is specified for mating with the 
MCM7001A 1K RAM and is guaranteed with asupply voitage Vpp1 
to 18 V. Both versions may be used with the VpDpD2 pin connected 
to a separate supply > Vpp1 to increase the high logic state output 
voltage. 

The channel! control logic is organized so that all four drivers 
may be deactivated for STANDBY operation, or single driver may 
be activated for READ/WRITE operation or all four drivers may be 
activated for REFRESH operation. 


Control Logic Optimized for Use in MOS RAM Systems 
High Speed Switching 
VpD1 and Vpp2 Variable Over Wide Range of Voltage to 
18 and 22 V Respectively (MC3466) 
Output Voltages Compatible with Many Popular MOS RAMs 
@ MTTL and MDTL Compatible Inputs 


TYPICAL APPLICATION WITH 4K NMOS RAM IN TTL 
SYSTEM (See Figure 17 for Details) 


MC3459 MC3459 MC3459 
Address Address Address 
gee i= == 


NMOS 
RAMS 


Ltt _| 
MC3460 
Clock 
Oriver 
@ e eo 


TYPICAL APPLICATION WITH MCM7001 1K RAM 
AND TTL SYSTEMS (See Figures 22, 23 for Details). 


MC3459 MC3459 MC3459 
Address Address Address 
Oriver Oriver Oriver 


MCM7001 MC3461 MC10125 
1K NMOS s Sense ha MECLtoTT 
RAMS Amplifier Translator 
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MOS CLOCK DRIVERS 


GATE CONTROLLED 
FOUR CHANNEL 
MOS CLOCK DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


V4] Channel 
Select C 


TRUTH TABLE 


ee 
| Control sd | Address | 


males | Channel | Refresh apes 
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H = High Logic State 
L = Low Logic State 
| = trrelevant 


MC3460,MC3466 (continued) 


MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted.) 


Power Supply Voitages 


3 
Power Dissipation (Package Limitation) 
~ Ceramic Package @ Ta = 25°C 
Derate above Ta = 25°C 
Plastic Package @ Ta = 25°C 
Derate above Ta = 25°C 
Ceramic Package @ Tc = 25°C 
Derate above Tc = 25°C 
Plastic Package @ Tc = 25°C 
Derate above T 


Junction Temperature 
Ceramic Package 
Plastic Package 


RECOMMENDED OPERATING CONDITIONS 


Power Supply Voltages 


Note 1: Not to Exceed Maximum Recommended Operating Voltages 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and 
temperature ranges. Typical values measured at Ta = 25°C) 


Output Voltage — High Logic State. 
(Vpp2 = Voo1+ 3.0V, Viz = 0.8 V) 
10H = -2.0mA 


1IOH = -40 mA 


Output Voltage — High Logic State 
(Vpp2 = Vop1, Vit = 9.8 V) 
(See Applications Section of Data Sheet) 
1IOH = -100 uA 
lon = -40 mA 


Output Voltage — Low Logic State 
(Vin = 2.0 V, lop = +10 mA) 

Output Voltage — Low Logic State 
(Vin = 2.0 V, loy = 40 mA) 


Vpop2 < 22V 


MC3460,MC3466 (continued) 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and 
temperature ranges. Typical values measured at Ta = 25°C) 


Output Clamp Voltage Voc 
(Vit = OV, toc = 5.0 mA) 


Input Voltage — High Logic State 


Input Clamp Voltage 
(lio = -12 MA) 
Input Current — High Logic State 
(V; = 5.0 V) 
Channel Select Inputs 
Refresh Select and Enable tnputs 


Input Current — Low Logic State 
(Vit = 0.4 V) 


Channel Select !nputs 
Refresh Select and Enable Inputs 


Power Supply Current — Output — High Logic State 
(Voc = 5.25 V, Vit = OV, Ion = O mA, | 
MC3460 Vpp1 = 13 V, Vpop2= 17V, 
MC3466 Vpp1 = 18 V, Vpp2 = 22 V) 


Power Supply Current — Output — Low Logic State 
(Vcc = +5.25, Vip = 5.0 V, Io, = OmA, 
MC3460 Vpp1 = 13 V, Vpp2= 17V, 
MC3466 Vppi = 18 V, Vpp2 = 22 V) 


Power Supply Current — Output — High Logic State 
(Vcc = +§.25 V, Vig = OV, IQH = OMA, 


MC3460 Vop1 = Vpp2= 13 V, 
MC3466 Vpp1 = Vob2 = 18 V) 


SWITCHING CHARACTERISTICS (Ta = 25°C, Vcc = 5.0 V; MC3460: Vpp1 = Vop2 = 12 V, CL = 480 pF; 
MC3466 : Vpp1 = Vop2 = 17 V, Vop = 15 V, CL = 480 pF) 


Characteristic 


Propagation Delay Time — READ/WRITE Mode 
Output High to Low Level 
Output Low to High Level 

Transition Time ~ READ/WRITE Mode 
Output High to Low Level 
Output Low to High Level 


Propagation Delay Time — REFRESH Mode 
Output High to Low Level 
Output Low to High Level 

Transition Time — REFRESH Mode 
Output High to Low Level 
Output Low to High Level 
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MC3460,MC3466 (continued) 


FIGURE 1 — SWITCHING TEST WAVEFORMS — MC3460 


trHe S< 5.0 ns —pe 
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Input 


ov 


VOH 


VoD1 -2.0 V 
Output 


VOL 


Input Pulse Characteristics 
PRR = 1 MHz READ/WRITE Mode 
PRR = 100 kHz REFRESH Mode 
PW = 500 ns 
tTLH = tTHL < 9.0 ns 


FIGURE 2 — SWITCHING TEST WAVEFORMS — MC3466 
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OV 
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VOH 
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Input Pulse Characteristics . 
PRR = 1 MHz, READ/WRITE Mode 
PW = 500 ns 
trLH = tTHL < 5.0 ns 


FIGURE 3 — SWITCHING TEST CIRCUIT FOR FIGURE 4 — SWITCHING TEST CIRCUIT FOR 
READ/WRITE MODE —MC3460 - REFRESH MODE — MC3460 


To Scope To Scope To Scope To Scope 
(Input) (Output) ea (Input) (Output) 


Enable 1 Enable 1 
oe 


Enable 2 Enable 2 
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Probe Capacitance 
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MC3460,MC3466 (continued) 


FIGURE 5 — SWITCHING TEST CIRCUIT FOR 
READ/WRITE MODE — MC3466 
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FIGURE 6 — REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 
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MC3460, MC3466 (continued) 


TYPICAL PERFORMANCE CURVES 


FIGURE 9 — DELAY TIMES versus LOAD CAPACITANCE FIGURE 10 — TRANSITION TIMES versus LOAD CAPACITANCE 
(REFRESH MODE) (REFRESH MODE) 
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MC3460, MC3466 (continued) 


TYPICAL PERFORMANCE CURVES 


FIGURE 15 — OUTPUT VOLTAGE — HIGH LOGIC OUTPUT 
STATE versus OUTPUT CURRENT 
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FIGURE 16 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT 
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FIGURE 17 — TYPICAL 16K WORD BY N BIT MEMORY ARRAY 
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MC3460, MC3466 (continued) 


APPLICATIONS INFORMATION 


The MC3460 and MC3466 are designed specifically for 
dynamic N-Channel MOS random access memories (RAM’s) 
that require a single high-voltage clock. The unique design 
and electrical characteristics of these clock drivers will 
enhance the performance, as well as reduce the cost, of 
dynamic MOS RAM systems. 

Dynamic N-Channel MOS RAM'’s that require a high 
voltage clock have extremely low standby power when 
the clock is in the logic ‘’0’’ state (Gnd). To take advantage 
of this low-power mode, the memory system should be 
partitioned such that only the memory chips of a selected 
word receive a clock signal (see memory system in Fig- 
ure 17). However, to reduce the amount of time spent 
refreshing the memory system, all memory chips of the 
system should be clocked for each refresh cycle. 

The logic. necessary to accomplish this desirable system 
feature has been incorporated in the clock drivers. Note 
from the block diagram and the truth table (on the front 
page of this data sheet) that the selection of a clock driver 
is dependent on the logic state of the REFRESH and 
CHANNEL SELECT inputs. All four drivers are selected 
when the REFRESH SELECT input (Pin 5) is at a logic 
“0” state. However, when the REFRESH SELECT input is 
at a logic ‘’1”’ state, only those drivers that have their 
respective CHANNEL SELECT inputs at a logic “0” state 
will be selected. The timing and clock driver output pulse 
width are controlled by a logic ‘’0”’ signal applied to one 
of the three ENABLE inputs. The other two ENABLE 
inputs allow the memory system to be expanded without 
additional address decoding. 

Figure 17 illustrates one possible clock driver con- 
figuration that can be employed to drive a 16K word 
memory system comprised of 4K dynamic MOS RAM'’s. 
The MC4007 is a one-of-four decoder that decodes the 
memory address sent from the CPU. Since the decoder 
outputs drive the clock driver SELECT inputs, only one of 
the four clock drivers will be selected. The timing and 
clock driver output pulse width can be accomplished with 
a simple one-shot (MC8602). The O output of the MC8602 


drives an ENABLE input of the MC3460/MC3466 and the 
clock pulse width is determined by the RC component 
values. 

For a memory refresh cycle, the REFRESH SELECT 
input of the MC3460/MC3466 is switched to a logic ‘‘0”’ 
state which will select all of the clock drivers as noted 
earlier. On the falling edge of the REFRESH SELECT 
signal, the one-shot is fired and at the same time all four 
clock drivers are selected for the refresh cycle since the 
REFRESH SELECT signal is in the zero state (See Fig- 
ure 17). At the end of the refresh cycle, the REFRESH 
SELECT signal is switched to the logic ‘’1’’ state and the 


memory system is set to accommodate another CPU mem- . 


ory request. The memory system access time will be 
enhanced with this scheme because no additional gating is 
required to accommodate the refresh cycle. 
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SYSTEM CONSIDERATIONS 


Bypass and Layout — A considerable amount of noise 
can be generated during switching due to the high speed 
and high current drive capability of these drivers. The 
high charge or discharge current spikes during transitions 
can result in a considerable amount of noise being generated 
on the ground and Vpp ] leads. These current spikes are 
primarily due to capacitive load current. However, there 
is an additional component to the total current spike 
which is due to both the upper and lower output driver 
transistors conducting for a short period of time during 
switching. This causes a low impedance path between the 
VDD1 supply and ground during part of the transition time. 

In order to minimize the effects of these surge currents, 
the following layout rules should be followed: 


1. The Vpp1 supply pin of each package should be 
bypassed with a low inductance 0.1 uF capacitor. 
The 0.1 uF capacitor will sustain the high surge 
currents required during switching. 


2. The surge current that flows out of the driver 
ground pin during switching will generate noise. 
This noise will be proportional to the ground 
impedance at the ground pin. To insure mini- 
mum ground noise, the ground path to this pin 
should be as wide as possible. At least a 50 mil to 
100 mil ground line is recommended. 


Fanout Considerations — !n a memory system, the 
number of memory CHIP ENABLE inputs that can be 
driven by a single clock driver will depend on the input 
Capacitance and the input leakage current required at a 
specified minimum logic ‘‘1’’ state (VCEH). Since the 
memory CHIP ENABLE input capacitance will affect the 
clock transition times, the total parallel input capacitance 
should not exceed that value which will cause the clock 
driver transition times to be slower than those specified 
for the memory. For a majority of the 4K RAM’s, the 
chip enable input capacitance is less than 40 pF. With a 
30 pF loading, each driver of this device can drive up to 
sixteen 4K memory chips. 


Although the input leakage current of each memory 
CHIP ENABLE is extremely small, the total leakage cur- 
rent of the CHIP ENABLE inputs when paralleled in a 
memory system can exceed the output current of the 
clock driver in the high output state (VOW). With the 
MC3460/MC3466 there are two methods that can be 
employed to increase the output current. The MC3460/ 
MC3466 has split high voltage power supplies (Vpp 1 and 
VDD2) as noted in Figure 18. With Vpp1 = Vppz, the 
maximum output current, that guarantees a minimum 
VOH of Vpp1 -1.0 Voit, is -100 uA. However, the 
output current can be greatly increased if a voltage 
greater than Vpp7 is applied to Vpp2. For Vp p2= Vpp1 


MC3460, MC3466 (continued) 


+3.0 Volts, |QH can be increased to -2.0 mA for a VQH 
minimum of Vpp i -1.0 Volt. For most 4K RAM’s, this 
current is sufficient to drive to 200 memory chips. 
However, if a higher voltage is not available for Vpp 2 then 
the current can be increased by employing a pull-up 
resistor to Vpp 1. The following formula can be used to 
determine what value of pull-up resistor is needed to meet 
a given fanout requirement. 


VppD1 - VOH(min) 
oe (1) 


where 


IR = N(lICE) - 'OH (2) 


IOH is the clock driver output current for 
VOH(min) 2 VCEH(min) 


liCE is the memory CHIP ENABLE input leakage 
current specification. 


N is the number of CHIP ENABLE inputs to be driven 
by the clock driver. 


For the memory system given in Figure 17, assume 
that each word has 16 bits. If the MCM6605 4K RAM 
were employed, then the pull-up resistor value would be 
calculated in the following manner. 


From the MCM6605 Specifications; 
VCEH (min) = Vpp —1.0 Voit @ lice = 10 HA. | 


From the MC3460 Specifications; 


For Vpp1= Vpp2 the minimum VQOH is 
Vpp1 - 1.0 Volt @ an IOH = 100 WA 


Since the VOH (min) required by the MCM6605 is 
Vpp1 -1.0 Volt, equation (1) reduces to: 


R< Vpp1-(Vppi -1.0 Volt) 
IR 
or 


2 1.0 Volt 


R< (3) 
IR: 


From equation (2), since N = 16, IR = 16 (10 pA) 
-100 pA = 60 WA. Substituting in this value of IR into 
Equation (3) yields the following value for R: 


1.0 Volt 


R<—-— 
60 uA 


= 16.6 k 


Overshoot — The finite inductance of the memory chip 
ENABLE line can cause the clock driver to overshoot 
during switching. With fast switching clock drivers, the 
overshoot can exceed the maximum logic levels specified 
for the CHIP ENABLE input. To insure that the overshoot 
voltage does not exceed the maximum CHIP ENABLE in- 
put ratings the following two techniques can be employed: 

The simplest scheme is to place a damping resistor Rs 
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in series with the clock line, (See Figure 17). The critical 
value of Rs can be calculated from the formula: 


{ls 


where Ls is the clock line inductance and Cj; is the 

load capacitance. 

For most memory systems the value of Rs will range 
from 10 ohms to 50 ohms. 

The series damping resistor will also affect the transition 
times of the damped output waveform. Thus, the maximum 
value that may be used for Rs will be determined by the 
maximum switching times specified for the CHIP ENABLE 
input. The following equation can be used to determine 
the maximum value of Rs. 


(4) 


tT (max) <2.2 Rs CL (5) 

In some high performance memory systems the switch- 
ing times required may be too fast to accomodate the 
addition of a damping resistor. For these systems the over- 
shoot can be limited by placing clamp diodes at the far 
end of the CHIP ENABLE line as noted in Figure 19. 
Fast recovery diodes are required to insure proper clamping 
on both the leading and trailing edges of the CLOCK pulse. 

Power Considerations — Circuit performance and long- 
term circuit reliability are affected by die temperature. 
Normally, both are improved by keeping the integrated 
circuit junction temperatures low. Electrical power dissi- 
pated in the integrated circuit is the source of heat. This 
heat source increases the temperature of the die relative 
to some reference point, normally the ambient tem- 
perature. The temperature increase depends on the amount 
of power dissipated in the circuit and on the thermal 
resistance between the heat source and the reference point. 
The basic formula for converting power dissipation into 
junction temperature is: : 

Ty = Tat Pp (Rasc + Raca) (6) 

or 


Ty= TA + Pp (Rasa) (7) 


where 


Ty = junction temperature 

TA = ambient temperature 

Pp = power dissipation 

Rg jc = thermal resistance, junction to case 
R@CA = thermal resistance, case to ambient 


R@JA = thermal resistance, junction to ambient 


The power dissipation of the device (Pp) is dependent 
on the following system requirements: frequency of 
operation, capacitive loading, output voltage swing, and 
duty cycle. The power dissipation as a function of 
capacitive loading and frequency can be obtained from 
Figure 13. The value found in Figure 13 should not yield 
a junction temperature, Ty, greater than Ty (max) at the 
maximum encountered ambient temperature. Ty (max) is 
specified for the integrated circuit packages in the maxi- 
mum ratings section of this data sheet. 


MC3460, MC3466 (continued) 


FIGURE 18 — SIMPLIFIED OUTPUT CONFIGURATION 
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THE MC3466 IN HIGH PERFORMANCE 
‘7001 SYSTEMS 


The MC3466 is specified to meet the more stringent 
driving requirements of high speed N-channel memories 
such as the MCM7001A. Figures 20 and 21 show photo- 
graphs of oscilloscope waveforms for the MC3466 driving 
up to six MCM7001A memories. The memories were oper- 
ated with a +15 Volt supply and the MC3466 used a +17 
Volt supply tied to Vpp1 and Vpp2. Two clamp diodes 
were used at the end of the line to clamp the overshoot as 
noted previously in Figure 19. 

With this driver connection, where the Vpp 7 supply is 
at a higher voltage than the memory Vpp supply, the 
VppD1 and Vpp supplies should track each other within 
the following range 3.0 V 2 Vpp1 -Vpp 2 1.5 V to 
insure the minimum output VOH level and to limit. the 
amount of current the clamp diode has to sink during the 
clock high state period. 

For the MC3466 driving two MCM7001A memories, 
Figure 20 shows the driver supplying about 250 mA peak 
current when the CHIP SELECT voltage switches from a 
“low” to “high”, with a transition time of 15 ns (1.5 V to 
13.5 V level) and a high to low transition time of only 
8 ns. When driving four MCM7001A memories, the peak 
current reaches about 400 mA with a CHIP SELECT 
rise time of 22 ns. 

Figure 21 shows that for a fanout of 6 memories, the 
transition time increases to 28 ns. The MC3461 (dual 
NMOS memory sense amplifier) is used to detect the data 


FIGURE 19 — APPLICATION OF CLAMPING DIODES 
TO LIMIT OVERSHOOT 


Voo 


Memory Array 


1N914 or 
Equivalent 


1N914 or 
Equivalent 


of the output memory and translate to MECL 10,000 


levels. The use of the MC10125 will translate the MECL 
levels to TTL levels in only 5 ns. The total delay from the 
50% level of the falling clock edge at the MC3466 input to 
the 50% point at the data output of the MC10125 is only 
62 ns when driving two memories and 67. ns for four 
memories. . 

Figure 22 shows the logic diagram for building a 32K x 1 
memory board with TTL interface and MCM7001A mem- 
ories using a multiplex approach. Addresses AO to AQ 
and the Djj signals go to all the memory devices. The 
address bits A10 and A111 are used to select 1 of 4 rows 
(WRITE ENABLE lines) when writing into the memory. 
The addresses, A12, A13, and A14 are decoded using the 
MC3466 to drive the CHIP SELECT lines. Only two 
MC3466’s are required. Each driver in the MC3466 drives 
the CHIP SELECT line connected to four memories. 
During a read operation, the data from 4 of the 32 mem- 
ories are latched into the MC3461. Addresses A10 and 
A11 are used to select which one of the four memories is 
to be read on the DATA OUT line. This configuration is 
especially useful in interweaving of fast, large memory 
systems so that the data can be read out consecutively in 
one CPU cycle time. 

A 4K x 18 memory board is shown in Figure 23 with 
TTL interface using a more straightforward approach. 
Only six MC3466’s are required to drive the CHIP SELECT 
lines. The memory can be expanded to 256K words by 
using two 1-of-8 decoders on the control board and con- 
necting the outputs to the proper BOARD ENABLE. 


MC3460, MC3466 (continued) 


FIGURE 20 — CURRENT AND VOLTAGE CHARACTERISTICS 


FOR THE MC3460 DRIVER DRIVING 2 AND 4 
MCM7001A MEMORIES 
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FIGURE 21 — RISE TIME AND ACCESS TIME VARIATIONS 
FOR AN MC3466 DRIVER DRIVING 1,2,4, AND6 
MCM7001A MEMORIES 


ENABLE 1 INPUT to MC3466 (5 V/Div) 


CHIP SELECT voltage with a loading of 
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MC3460, MC3466 (continued) 


FIGURE 22 — 32K x 1 MEMORY BOARD 
(TTL INTERFACE) 
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MC3460, MC3466 (continued) 


FIGURE 23 — 4K x 18 MEMORY BOARD (TTL INTERFACE) 
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MC8505P 


MOS DYNAMIC MEMORY ADDRESS REFRESH 
LOGIC CIRCUITRY 


The MC8505 is a high speed address refresh logic circuit designed 
for application with MOS dynamic memories. Fabricated using bi- 
polar integrated circuit technology, this device contains an internal 
6-bit counter, counter reset control, and necessary multiplexing 
circuitry to either propagate memory addresses from the CPU (normal 
operating mode), or to sequentially cycle through the low order 
input address lines of dynamic MOS memories (refresh mode). 

The MC8505 can be used for 16, 32, or 64 cycle refresh for either 
1K or 4K MOS dynamic memories by proper choice of refresh clock 
frequency and utilization of 4, 5, or 6 output memory address 
lines. High input impedance and a low propagation delay allow the 
MC8505 to be tied directly to the CPU address bus with minimal 
loading and negligible increase in total memory cycle. 


@® 16, 32, or 64 Cycle Refresh 
Refresh for 1K or 4K Memories 
Bus Compatible 
Address Delay Time = 60 ns typical 
5-V Power Supply 
Counter Reset Control 


LOGIC DIAGRAM 


Refresh 
Clock 
50 


R 


Vec = Pin 16 
Gnd= Pin 8 
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MOS DYNAMIC MEMORY REFRESH 
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MC8505P (continued) 


ABSOLUTE MAXIMUM RATINGS 


eC OO 
[Warage on Any Pin Relative oGnd | VinVowt_ [| 70 | vee 
[Operating Temperature Range «dita | Ow +70 | 0 
Storage Temperature Range —SS*dYCS ag SO HTOB] 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 


DC OPERATING CONDITIONS 


2 
Supply Voltage 7c 


Logic Levels (All Inputs) 
Input High Threshold Voitage VIHT 
Input Low Threshold Voltage VILT 


DC ELECTRICAL CHARACTERISTICS 


TC haracteistie ———SSSSSC*dS 


Input High Current 


(Vin = 2.4 Vdc) Address Inputs 1AH 
Refresh Clock ICH 
Reset IRH 


Input Low Current 
(Vin = 0) Address Inputs IAL 
Refresh Clock ICL 
Reset IRL 


Output High Voltage . VOH 
(Ig = -300 pAdc) . 

Output Low Voltage VOL 
(lq = 3.2 mAdc) 

Power Dissipation 
(Ta = 25°C) 


Input Capacitance 


PIN ASSIGNMENT 


NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 


. DIMENSION “L” TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 


* eS 


FARRER 


LL 6b Jie SEATING IL, i; . 


MILLIMETERS] INCHES | 
P MIN [MAX [MIN | 


[MAX | 
| A_| 20.70 | 21.34 | 0.815 | 0.840 | 
CASE 648-03 HE ebet eer tO Ted OED 


o 
[J 


Pj O12] Sj |o lo 
EeeGeR 
ait 8 


Lined 
~ 
(=) 
(=) 
iJ 
icf3 =" 
Ged 


BGR) Eee 


0.030 
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MC8505P (continued) 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Load = 1 TTL Gate, Cy = 10 pF, Ta = 25°C) 


AC OPERATING CONDITIONS 


*Minimum time for burst refresh. 


AC ELECTRICAL CHARACTERISTICS 


Symbol 
Input-Output Address Delay taD 


Refresh Address Delay 
Reset Delay 


Reset Release Delay 


TIMING DIAGRAM 


tRP 
3.0 V 
Reset 1.5 V 
Ov 
tRR ; 
Refresh Address Refresh Address Refresh 
Mode Mode Mode Mode Mode re 
aaa : | | — 30V 
Refresh - 
Clock 15 V ; 
a Ov 


| ig 
t 
y , p 3.0 V 
———_____—_ Don’t Don't Don't SON 
tRD- i tAE {tad ke —+| tcoe- 


ee VOH 
Address Out 1.5 V 


VOL 


SWITCHING TIME TEST CIRCUIT 


Pulse © . 
Generator = MMD6150 
or Equiv. 


MMD 7000 
or Equiv. 


High-impedance probes (> 1.0 megohm) must be used. 
Cr = 10 pF = total parasitic capacitance, which includes probe, wiring, and load capacitances. 
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MC8505P (continued) 


APPLICATIONS INFORMATION 


All dynamic MOS random access memories require a 
periodic refresh operation to insure that stored data is 
retained. Arefresh operation consists of a specified number 
of write cycles (some memories require a read cycle) on 
the least significant address bits of the memory within a 
given period of time. The number of write or read cycles 
will vary depending on the memory circuit. Presently 
available dynamic MOS RAMs require either 16, 32, or 
64 write or read cycles within a 2 ms period. 

Unfortunately the periodic refresh requirement of 
dynamic MOS RAMs increases the cost and reduces the 
overall performance of a memory system. For example, 
additional logic is required to insure that the memory 
system is properly refreshed, as indicated in the memory 
system diagram of Figure 1. The MC8505 was designed to 
simplify and minimize the logic necessary to perform the 
refresh operation. 

The MC8505 contains a 6-bit binary ripple counter that 
is used to generate the 64 sequential address states re- 
quired for the 64-cycle refresh memories. Only four or 
five bits of the counter are required for those memories 
having 16 or 32-cycle refresh. 

A multiplexer is also included with the counter so that 
both the counter and the CPU address can be gated to the 


least significant address bits of the MOS RAM. The refresh 
clock (see logic diagram) determines which address the 
multiplexer gates to memory address. When the refresh 
clock is at a logic ‘’O” (V |_), the bus address inputs are 
gated to the memory address. The address of the counter is 
gated to the memory address during a refresh cycle when 
the refresh clock input is switched to.a logic ‘’1’’ (Vj). 
After a refresh cycle is complete, the negative-going edge 
of the refresh clock increments the counter for the next 
refresh operation. 

The high input impedance feature of the MC8505 
eliminates the need for high impedance buffers on the 
CPU address lines, thus reducing CPU interface circuitry. 
The high input impedance buffers are required to prevent 
loading of the CPU address bus. 

The low power (280 mW max) of the MC8505 is another 
important feature, especially for memory systems requiring 
battery backup for non-volatility. The reset input can 
also be used to save power in a standby mode. One tech- 
nique to conserve power is to remove all power from the 
memory board except to the MOS RAMs. The board is then 
powered up every 2 ms and the proper number of refresh 
cycles are performed with a high speed clock. By resetting 
the counter on power up, the most significant bit of the 


FIGURE 1 — TYPICAL DYNAMIC MOS MEMORY SYSTEM BLOCK DIAGRAM 


Computer 
Bus 


CPU 
Interface 
Circuitry 


Refresh 
Address 
and 
Control 
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MC8505P (continued) 


counter can be used to signify refresh is complete so 
power .can be removed until the next refresh period. 
Figure 2 illustrates how the MC8505 is employed in 
the memory system. The least significant address’ bits of 
the CPU are connected directly to inputs AOQj, through 
A5in of the MC8505. The refresh control logic generates 
the proper number of refresh enable signals within each 
2 ms period. This refresh enable signal initiates a refresh 
cycle by switching the counter of the MC8505 to the 
lower address bits of the memory. At the completion of a 
refresh cycle, the refresh signal is disabled. On the trailing 
edge of this signal, the 6-bit counter is incremented and 
the bus address is once again enabled. High speed address 


buffers are required (MC3459’s) to switch the high capaci- 
tive load that is due to paralleling the memory addresses. 

Note from the specifications on the refresh clock that 
the ICH current is 1.7 MA at Vin = 2.4 V. To accomodate 
this high input refresh clock current with standard TTL 
logic requires a pullup resistor less than 1.8 k ohms to Vcc. 
If high speed TTL is employed, then no pullup resistor 
is required. 

The MC8505 is supplied in a 16-pin package, and 
replaces at least four MSI and SSI parts. This universal 


function can be used with all dynamic MOS memories and 


its simplicity and low cost will further enhance the cost- 
performance of dynamic MOS memory systems. 


FIGURE 2 — MEMORY SYSTEM EMPLOYING THE MC8505 
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TRIPLE MECL TO 
NMOS TRANSLATOR 


MECL 10,000 series 


MC10177 


Advance Information 


@ Max Load: 350 pF 
® Pp = 1.0 W typ/pkg @ 5.0 MHz 


@ Operating Rate: 5.0 MHz typ. 
(all 3 translators in use simultaneously ) 


INPUT: MECL 10,000 (differential) 


@ OUTPUT: NMOS + 0.5 V Vo_max 
+ 3.0 V VoHmin" 


*May be raised by increasing Vss. 


POSITIVE LOGIC 


The MC10177 consists of three MECL to MOS transia- 
tors which convert MECL 10,000 logic levels to NMOS 
levels. It is designed for use in N-channel memory systems 
as a Read/Write, Data/Address driver. It may also be used 
as a high fanout (30) MECL to TTL translator, or in other 
applications requiring the capability to drive high capaci- 
tive loads. A separate lead from each of the three transla- 
tors is brought out of the package. These leads may be 
connected to Vss or to an external capacitor (0.01 to 
0.05 uF to ground), for waveform improvement, and short 
circuit protection. When connection is made to an external 
capacitor, Vsg line fluctuations due to transient currents 
are also reduced. 


NEGATIVE LOGIC 


Vcc = Gnd = Pins 1,16 
VEE = Pin 8 = -5.2 Vdc +5% 
Vgg = Pin 9 (+5.0 Vdc or +6.0 Vde + 10%) 


This is advance information and specifications are subject to change without notice. 
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92-L 


In general test procedures are shown for. @ Test 
only one input and one output. eee Temperature Vit#Amin|Vit Amax lot1tlor2 itae Cc# 
7 +25°e [0.810 | -1.860 | -1.105 | -1.475 |-52| +50] +60[r1.0| +20 [-15[ 005 | 
M 7 imi 
Pin ~ C104 Zt Test Limits - TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW: 
Under |_-30 °C +25°C (Vec) 
Characteristic Symbo!| Test | Min | Max | Min | Typ | Max | Min | Max| Unit|ViHmax Vitmin|ViHAmin|ViLAmax| VEE |Vsc | Vss['ori[!or2['on| C# | Gnd 
Power Supply Drain pole as oe ee | Oa Sd e | ie ee Ee ee ee ee eee ee 
Negative Isso 8 9 1,16 
Positive Output Low Isst 
Output High Issy 
Input Current linH 10 8 9. 1,16 
15 | | Bi 
input Leakage Current 11 _ 8,11 9 1,16 
13 ~ 8,13 | 
3 15 ~ 8,15 
Logic ‘1 Output Voltage VOH 8 2 1,16 
; 2 8 2 1,16 
Logic ‘‘0’’ Output Voltage VOL 2 8 — 2 _ 
2 8 _ _ 2 
4 Logic ‘‘1'’ Threshold Voltage VOHA 20 8 2 
: 2 8 2 
Logic ‘’0’’ Threshold Voltage VOLA 2 15 8 2 [.- 
. 2 15 8 — 2. 
-1.29'V | -1.69V | Pulse In [Pulse Out |-5.2 V 
Switching Times ty45424+] 2 ns 14 11,13 15 9 3,5,7 1,16 
(350 pF Load) t15-2- 2 14 15 
.| Propagation Delay t14+2- 2 15 14 
t14-2+ 2 15 14 
Rise Time to4+ . 2 14 . 15 
(10% to 90%) 
Fall Time 14 15 
(10% to 90%) 
Supply Source Current mA |10,12,14 11,13,15 
(@ 5.0 MHz) 


ELECTRICAL CHARACTERISTICS 


L SUFFIX. 


Each MECL 10,000 series circuit has been 
designed to meet the dc specifications PEAT RPE enter 
shown in the test table, after thermal equi- AMIC PA 


CASE 620 © 


TEST VOLTAGE/CURRENT VALUES 
Volts mAdc +1% uF +5% 


librium has been established. The circuit is 
in a test socket or mounted on a printed 
circuit board and transverse air flow great- 
er than 500 linear fom is maintained. 


(350 pF Load) 


#See test circuit. 


(PanuUnUOS) 7 LOLOW 


MC10177 (continued) 


SWITCHING TIME TEST CIRCUIT 


Vin- Vint Voc =Gnd  Vgg = +6.0 Vde Maas 
O O 5 
Coax Coax re 
CO GO 
0.1 WF ab 
= 1.2k 
3 
11416 
Sas cl = 0.05 uF 
ae : a 
Pul in O — 
Ganereiors | 114 b TPout 
nae ee | - 
5 | — 350 pF 
TPin a | apone uF 
: = 
@ 
Input Pulse 7 z ae 


tr=t-=2.0£0.2ns | 7 = 
(20% to 80%) | 


oes LF 
PREF = 5.0 MHz ch 6 = 
Duty Cycle = 50% 
2 | c 
L 


50-ohm termination to ground lo- 
cated in each scope channel input, 
and 50-ohm termination to ground 
on each unmonitored input. 


= 
All input and output cables to the on a 
scope are equal lengths of 50-ohm 7 
coaxial cable. Wire length should 
be < 1/4 inch from TPj, to input Vee = -5.2 Vde 
pin and TPoyz to Output pin. 


SWITCHING WAVEFORMS @ 25°C 


Switching times are measured after the device under test 
reaches a stabilized temperature (air flow > 500 Ifpm) 


[77 7: 0.890 V 
/ 


50% 
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QUAD MOS CLOCK DRIVER 


MC75365 


Specifications and Applications 
Information 


QUAD MOS CLOCK DRIVER 


SILICON MONOLITHIC 
QUAD MOS CLOCK DRIVER INTEGRATED CIRCUITS 


OR HIGH-VOLTAGE, HIGH-CURRENT NAND DRIVER 


The MC75365 is intended for driving the highly capacitive Ad- 
dress, Control! and Timing inputs on a variety of MOS RAMs such as 
the “1103” and ‘‘7001” types. It is designed to operate from the 
MTTL 5.0 V power supply and the Vss and Vgp power supplies 
used with the memories in most applications. Operation is re- 
commended at Vcc3 ~ Vcc2 + 3 V, but the part is useable over a 
wide latitude of supply voltages. Vcc2 may be tied directly to 
Vcc3 in many conditions. 


@ Pin Compatible with Intel 3207 and Interchangeable with T. |. 
SN75365 


MTTL and MDTL Compatible, Diode-Clamped Inputs 
Two Common Enable Inputs per Gate Pair 


L. SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


Low Standby Power Consumption Transient 
Capable of Driving High Capacitive Loads 


Fast Switching Operation PIN CONNECTIONS 


Vcc2 


TYPICAL APPLICATION Output A 


with “7001” Type 1K RAM 
Input 1A Input D 


1 Vv 15V Input 2AB Input 3CD 
input 3AB Input 2CD 
Input 1B Input 1C 


Output B Output C 


Gnd Vcec3 


Chip “7001"’ Type 
O 
MTTL 4 Seert NMOS sal MTTL 
Inputs RAM '. Inputs 
(MCM7001) 


O O 
O © 
O O 
ae 


Where: 
H = High Logic State 
L = Low Logic State 
| = | = irrelevant 
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MC75365 (continued) 


TYPICAL APPLICATION 
with “1103” Type 1K RAM 


195V 16V 


Data In 


O O 
O O 
1103" Type 
Chip Enable PMOS 
O O 
O O 


Address 
Lines 


Power Dissipation (Package Limitation) 
Ceramic Package @ Ta = 25°C 
Derate above Tq = 25°C 


Plastic Package @ Ta = 25°C 
Derate above Ty = 25°C 


Ceramic Package @ Tc = 25°C 
Derate above Tc = 25°C 


Plastic Package @ Tc = 25°C 
Derate above Tc = 25°C 14 


Operating Ambient Temperature Range 
Ty 


Junction Temperature 
Ceramic Package 175 
Plastic Package 150 
Storage Temperature Range -65 to +150 


Note 1. This is the differential voitage between any two inputs to any single gate. 


RECOMMENDED OPERATING CONDITIONS 


eS 
Power Supply Voltages Vcc1 4.75 5.0 5.25 


Vcc2 4.75 20 24 


Vcc3 Vcc2 24 28 
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MC75365 (continued) 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted TA= 25°C, Vcc1= 5.0 V, Vec2= 20V, Vcc3 = 24V, 
CL = 200 pF, Rp = 242, See Figures 1 and 2.) 


Typ* 


x 
NO 
oO 


input Voltage — Low Logic State 


input Clamp Voltage 
1 Input Current — Maximum Input Voltage 
(Ving = 5.5 V) 
Input Current — High Logic State 
(Vipy (1) = 2.4 V) 
(Vity (2) or Vypy (3) = 2.4 V) 
Input Current — Low Logic State 
(Vic (1) = 0.4 V) 
(Vip (2) or Vig. (3) = 0.4 V) 
Output Voltage — High Logic State 
(Vec3 = Vcec2 + 3.0 V, Vit = 0.8 V, lo = -100 HA) 
(Vec3 = Vec2+ 3.0 V, Vi_ = 0.8 V, Ioy = -10 mA) 
(Voec3 = Vec2, VIL = 0.8 V, Ion = -50 HA) 
(Vec3 = Vcc2, VIL = 9.8 V, Ion = -10 mA) 


3 
> 


= 
Oo 


> 


"H2 


aS 
o 


<|<|s}¥ 


Vec2 +1.5 


Output Voltage — Low Logic State 
(Vit = 2.0 V, Io, = 10 mA) 
(15 V < Vcec3 < 28 V, Vip = 2.0 V, lo_ = 40 mA) 


Power Supply Currents — Outputs High Logic State 


co) 


(Vec1 = 5.25 V, Vec2 = 24 V, Vec3 = 28 V, 1CC1(H) 8.0 
Vit =9 V, loH = 0 mA) 1CC2(H) -3.2/+0.25 
1CC3(H) 3.5 
(Vec1 = 5.25 V, Vec2 = 24 V, Vec3 = 24 V 1CC2(H) 0.25 
ViL = 0 V, IQH = OmA) : 'CC3(H) ve 


Power Supply Currents — Output Low Logic State 
(Vec1 = 8.25 V, Veco = 24 V, Vecg = 28 V 
Vin = 5.0 V, lo, = 0 mA) 


A 


ICC1(L) 
'CC2(L) 
1CC3(L) 


Power Supply Currents — Standby Condition 
(Vcc1 =9 V, Vec2 = 24 V, Vec3 = 24 V 
Vin = 5.0V, lo, = OMA) 


mA 


1CC2(S) 
1CC3(S) 


Na 
os 
re 


sf 
a 


*Typical Values at 25°C, Vcc = 5.0 V, Vec2 = 20 V and Vcec3 = 24 V 


SWITCHING CHARACTERISTICS (Unless otherwise noted Ta = 25°C, Vcc; = 5.0 V, Vec2 = 20 V, Vecg = 24 V, 
C. = 200 pF, Rp = 242, See Figures 1 and 2.) 


Characteristic Symbol 
Propagation Delay Time, Low to High State Output tPpLH 
Propagation Delay Time, High to Low State Output tPHL 


| Min | tye 
Delay Time, Low to High State Output toLH 
Delay Time, High to Low State Output tDHL 
20 
20 


48 
46 
20 | 


Transition Time, Low to High State Output tTLH 
Transition Time, High to Low State Output 


WO Wie 
W W] 


tTHL 
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MC75365 (continued) 


FIGURE 1 — SWITCHING CHARACTERISTIC TEST CIRCUIT 


To Scope 


To Scope 4 gy (Output) 


(Input) 


O 
1/4MC75365 


(Includes Probe 
and Jig 
= Capacitance) 


Pulse 
Generator 


FIGURE 2 — SWITCHING CHARACTERISTICS WAVEFORMS 


Input 


tOHL 


Vcc2 -2.0 V 
Output 


Input Pulse Characteristics: 
PRR = 1.0 MHz, PW = 500 ns, try = tTHL <10 ns 


TYPICAL PERFORMANCE CURVES 


FIGURE 3 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT 


oO TM 
on RTE 


VCC2 -2.5 V| 


¥ Veco1=5.0V 


VOH, OUTPUT VOLTAGE — HIGH 
LOGIC STATE (VOLTS) 


1oH, OUTPUT CURRENT — HIGH LOGIC STATE (mA) 


FIGURE 5 — OUTPUT VOLTAGE — LOW LOGIC STATE 
versus OUTPUT CURRENT 


0.5 


Vcec1=5.0V 


VoL, OUTPUT VOLTAGE — LOW 
LOGIC STATE (VOLTS) 
RREERERE YE 
h 


SONEEEEE 


Io_, OUTPUT CURRENT — LOW LOGIC STATE (mA) 


FIGURE 4 — OUTPUT VOLTAGE — HIGH LOGIC STATE 


versus OUTPUT CURRENT 
Vcc2 

Vec2 -0.5 vi 
o 
wi 
< S 1.5V / : 
e= Vec2-1. S55 au 
te ill alli cones 
>< 
6& Vcec2-2.0V 
50 
OS vec2 -2.5 V 
S Veco1=5.0V 
= C 

Vcec2 -3.0 VE Voc2 = Vec3 = 20 V 

wer CELI LLL 
Vec2 -3.5 V 
-0.01 1 -1.0 -10 


IoH, OUTPUT CURRENT — HIGH LOGIC STATE (mA) 


IGune 6 — TOTAL POWER DISSIPATION versus FREQUENCY 
(All Four Drivers) 


CCU VC 
STAI a nanananie 


1000 


eee es | 

= Wi _ 

é asi N Op aa 

ie eae es ee ae TE 8 

: |] | 

B A 4 

= 400 | | eer iy 

= eee tty 

[om 

a cede ete Vec1=5.0V Vec2=20V 

aie a at ae RD ee ea 
es ra 50% Duty Cycle 0-3.0 V Input Pulse 

0. 


2 0.5 1.0 2.0 5.0 10 
f, FREQUENCY (MHz) 
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tPLH, PROPAGATION DELAY TIME 


tPLH, PROPAGATION DELAY TIME — LOW 


~MC75365 (continued) 


LOW TO HIGH STATE OUTPUT (ns) 


TO HIGH STATE OUTPUT (ns) 


tpLH, PROPAGATION DELAY TIME 


LOW TO HIGH STATE OUTPUT (ns) 


TYPICAL PERFORMANCE CURVES 


FIGURE 7 — PROPAGATION DELAY TIME — 
LOW TO HIGH STATE OUTPUT 
versus AMBIENT TEMPERATURE 


Vece1=5.0V Vec2=20V 
Rp = 242 


0 20 40 60 80 
TA, AMBIENT TEMPERATURE (°C) 


FIGURE 9 — PROPAGATION DELAY TIME — 
LOW TO HIGH STATE OUTPUT 
versus Vcc2 SUPPLY VOLTAGE 


= ; 


rr 
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NR 
ao 
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Voco1=5.0V Ta =259C 
—Vcec3= Vcc2 + 4.0 V 
Rp = 242 


Vec2, SUPPLY VOLTAGE (VOLTS) 


FIGURE 11 — PROPAGATION DELAY TIME — 
LOW TO HIGH LOGIC STATE 
versus LOAD CAPACI TANCE 


Vcec1=5.0V 
Vec2=20V Ta =25°C 
Vec3=24V ‘ 


200 
CL, LOAD CAPACITANCE (pF) 


300 


tPLH, PROPAGATION DELAY TIME HIGH 
TO LOW STATE OUTPUT (ns) 


tPHL, PROPAGATION DELAY TIME — 
HIGH TO LOW STATE OUTPUT (ns) 


400 
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tPHL, PROPAGATION DELAY TIME 
HIGH TO LOW STATE OUTPUT (ns) 


FIGURE 8 — PROPAGATION DELAY TIME — 
HIGH TO LOW STATE OUTPUT 
versus AMBIENT TEMPERATURE © 


Vece1=5.0V Vcec2=20V 
Vcee3=24V7~ Rp=240 


0 20 40 60 80 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — PROPAGATION DELAY TIME — 
HIGH TO LOW STATE OUTPUT 
versus Vcc2 SUPPLY VOLTAGE 


Vec2, SUPPLY VOLTAGE (VOLTS) 


FIGURE 12 — PROPAGATION DELAY TIME — 
HIGH TO LOW STATE OUTPUT 
versus LOAD CAPACITANCE 


Vcec2=20V Ta = 25°C 
Vcc3=24V 
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MC 75365 (continued) 


APPLICATIONS SUGGESTIONS 


POWER CONSIDERATIONS 


Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved 
by keeping the integrated circuit junction temperatures 
low. Electrical power dissipated in the integrated circuit 
is the source of heat. This heat source increases the 
temperature of the die relative to some reference point, 
normally the ambient temperature. The temperature in- 
crease depends on the amount of power dissipated in the 
circuit and on the net thermal resistance between the 
heat source and the reference point. The basic formula 
for converting power dissipation into junction temper- 
ature is: 

Ty=Ta + Pp (Rosc + Reca) (1) 
or 

Ty= TA + Pp (Roya) (2) 
where 


Ty = junction temperature 
Ta = ambient temperature 
Pp = power dissipation 


R@JC = thermal resistance, junction to case 
ROCA = thermal resistance, case to ambient 
R@JA = thermal resistance, junction to ambient. 


Power Dissipation for the MC75365 MOS Clock Driver: 
The power dissipation of the device (Pp) is dependent 
on the following system requirements: frequency of op- 
eration, capacitive loading, output voltage swing, and 
duty cycle. The variation of power dissipation with 
frequency and load capacitance for the MC75365 is 
illustrated in Figure 6. The power dissipation, when 
substituted into equation (2), should not yield a junction 
temperature, Ty, greater than Ty(max) at the maximum 
encountered ambient temperature. Ty(max) is speci- 
fied for two integrated circuit packages in the maximum 
ratings section of this data sheet. 

With these maximum junction temperature values, the - 
maximum permissible power dissipation at a given 
ambient temperature may be determined. This can be 
done with equations (1) and (2) and the maximum 
thermal resistance values given in Table 1 shown on 
the following page. 
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MC 75365 (continued) 


TABLE 1 — THERMAL CHARACTERISTICS This gives approximately a 60% increase in maximum 
OF “L” AND “’P” PACKAGES power dissipation over the power dissipation which is 
Re ya (°C/W) Rese (°C/W) allowable with no heat sink. 
PACKAGE TYPE Still Air Still Air 
(Mounted in Socket) 


“L’ (Ceramic Package) 


“Pp (Plastic Package) FIGURE 14 — CASE TEMPERATURE RISE ABOVE 
AMBIENT versus POWER DISSIPATED USING 
NATURAL CONVECTION 


If the power dissipation determined by a given system 
produces a junction temperature in excess of the recom- 
mended maximum rating for a given package type, some- 
thing must be done to reduce the junction temperature. 


There are two methods of lowering the junction tem- 
perature without changing the system requirements. 
First, the ambient temperature may be reduced suf- 
ficiently to bring Ty to an acceptable value. Secondly, 
the R@ca term can be reduced. Lowering the R@aca 
term can be accomplished by increasing the surface 
area of the package with the addition of a heat sink or by 
blowing air across the package to promote improved 
heat dissipation. . 


THERMALLOY #6007A 
DIP HEAT SINK OR EQUIV 


CASE TEMPERATURE RISE 
ABOVE AMBIENT TEMPERATURE (°C) 


Heat Sink Considerations: | 0 05 10 15 70 
Heat sinks come in a wide variety of sizes and shapes that Pp, POWER DISSIPATED (WATTS) 
will accomodate almost any IC package made. Some of 


these heat sinks are illustrated in Figure 13.. Forced An. Considerations: 


FIGURE 13 — THERMALLOY* HEAT SINKS 


As illustrated in Figure 15, forced air can be employed to 
reduce the Rg@ja term. Note, however, that this curve is 
expressed in terms of typical Rg ya rather than maximum 
R@jJA. Maximum Raja can be determined in the fol- 
lowing manner: 
From Table 1 the following information is known: 

(a) R@ya(typ) = 100°C/W 

(b) R@ycltyp) = 27°C/wW 


Since: 
RasA = Resc+ R@ca (3) 
Then: 
*Manufactured by Thermalloy Co. of Texas. . R@CA = R@JA - RAJC (4) 
: Therefore, in still air 
From Table 1, Rasal(max) for the ceramic package Racal(typ) = 100°C/W - 27°C/W = 73°C/W 
with no heat sink and in a still air environment is 
150°CW. From Curve 1 of Figure 14 at 500 LFPM and eq- 
uation (4), 


For the following example the Thermalloy 6012B type 
heat sink, or equivalent, ischosen. With this heat sink, the 
Rgca for natural convection from Figure 14 is 44°C/W. 
From Table 1 Rg@yc(max) = 50°C/W for the ceramic 
package. Therefore, the new R@jya(max) with the 
6012B heat sink added becomes: 
Rg ya(max) = 50°C/W + 44°C/W = 94°C/W. 
Thus the addition of the heat sink has reduced Raja 
(max) from 150°C/W down to 94°C/W. With the heat 
sink, the maximum power dissipation by equation (2) 
at Ta = +70°C is: 
175°C — 70°C : 
Pp = ——————— = 1.11 watts. 175°C — 70°C 


+94°C/W Pp = ——_—_—_—_———_ = 1.2 watts. 
86°C /W 


Reca(typ) = 53°C/W - 27°C/W = 26°C/W. 
Thus R@ca(typ) has changed from 73°C (still air) to 
26°C/W (500 LFPM), which is a decrease in typical 
R@CA by a ratio of 1:2.8. Since the typical value of 
R@CA was reduced by aratio of 1:2.8, Raca(max) of 
100°C/W should also decrease by a ratio of 1:2.8. 
This yields an R@ca(max) at 500 LFPM of 36°C/W. 
Therefore, from equation (3): 

RegyA(max) = 50°C/W + 36°C/W = 86°C/W. 
Therefore the maximum allowable power dissipation at 
500 LFPM and Ta = +70°C is from equation (2): 
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MC 75365 (continued) 


RecA, THERMAL RESISTANCE CASE TO AMBIENT 


Raja, THERMAL RESISTANCE JUNCTION 
TO AMBIENT (C/WATT) 


(°C/WATT) 


FIGURE 15 — TYPICAL THERMAL RESISTANCE (Roja) OF 
“L" PACKAGE versus AIR VELOCITY 


—T 


S 
AIR FLOW DIRECTION FRBEANY' S| 
oe 


#2 PRINTED CIRCUIT BOARD 
4" x 6” x 0.002" - 202. CU. 


60 


Raja = 100°C/WATT 


Raye = 279CWATT no AIR FLOW 


1400 


0 200 400 600 800 1000 1200 


AIR VELOCITY (LINEAR FEET PER MINUTE) 


Heat Sink and Forced Air Combined: 


Some heat sink manufacturers provide data and curves of 
R@CA for still air and forced air such as illustrated in 
Figure 16. For example the 6012B heat sink has an 
Reca = 17°C/W at 500 LFPM as noted in Figure 15. 
From equation (3): 

Max Raga = 50°C/W + 17°C/W = 67°C/W 
From equation (2) at Ta = +70°C 


175°C — 70°C 


Pp = 1.57 watts. 
2 67°C/W 


FIGURE 16 — THERMAL RESISTANCE Roca 
versus AIR VELOCITY 


19 | DIP WITH THERMALLOY 
#60128 HEAT SINK OR EQUIV 


400 


600 
AIR VELOCITY (LINEAR FEET PER MINUTE) 


Note from Table 1 and Figure 15 that if the 16-pin 
ceramic package is mounted directly to the PC board 
(2 oz. cu. underneath), that typical Rg ja is considerably 
less than for socket mount with still air and no heat sink. 
The following procedure can be employed to determine 
the maximum power dissipation for this condition. 


Th 
PACKAGE MOUNTING #1 BARNES SOCKET OR EQUIV 


1600 
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Given data from Table 1: 

typical Raya = 100°C/W 

typical Ra jc = 279C/W 
From Curve 2 of Figure 15, Raya(typ) is 75°C/W for a 
PC mount and no air flow. Then the typical Rac is 
75°C/W — 27°C/W = 48°C/W. From Table 1 the typical 
value of Raca for socket mount is 100°C/W — 27°C/W 
= 73°C/W. This shows that the PC board mount results 
in a decrease in typical R@ca by a ratio of 1:1.5 below 
the typical value of Rac, ina socket mount. Therefore, 
the maximum value of socket mount R@ca of 100°C/W 
should also decrease by a ratio of 1:1.5 when the device 
is mounted in a PC board. The maximum Rgc,a be- 
comes: 


100°C/W 


R@CA = 66°C/W for PC board mount 


Therefore the maximum R@ja for a PC mount is from 
equation (3). 

Re JA = 50°C/W + 66°C/W = 116°C/W. 
With maximum RgyA known, the maximum power dis- 
sipation can be found. If Ta = 70°C then from 
equation (2) the maximum power dissipation may be 
found to be 905 mW. 


In most cases, heat sink manufacturer’s publish only 
R@CA socket mount data. Although data for PC 
mounting is generally not available, this should present 
no problem. Note in Figure 15 that an air flow greater 
than 250 LFPM yields a socket mount R@JA approxi- 
mately 6% greater than for a PC mount. Therefore, the 
socket mount data can be used for a PC mount with a 
slightly greater safety factor. Also it should be noted 
that thermal resistance measurements can vary widely. 
These measurement variations are due to the dependency 
of R@CcA of the type environment and measurement 
techniques employed. For example, R@éca would be 
greater for an integrated circuit mounted on a PC board 
with little or no ground plane versus one with a sub- 
stantial ground plane. Therefore, if the maximum cal- 
culated junction temperature is on the border line of 
being too high for a given system application, then 
thermal resistance measurements should be done on the 
system to be absolutely certain that the maximum 
junction temperature is not exceeded. 


DUAL MECL-to-MOS DRIVERS 


MC75368 
MC75358 


Specifications and Applications 
| Information 


DUAL MECL-to-MOS 
DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


DUAL MECL-to-MOS DRIVERS 


The MC75368 and MC75358 are dual MECL-to-MOS driver and 
interface circuits. The devices accept standard MECL 10,000 and 
IBM grounded-reference ECL input signals and create high-current 
and high-voltage output levels suitable for driving MOS circuits. 
Specifically, they may be used to drive address, control, and timing 
inputs for several types of MOS RAMs including high-speed MCM7001 
1K NMOS RAM. The devices may also be used as MECL-to-MTTL 
translators. 

These two devices differ in that the MC75368 is optimized for 
higher voltage capability and the MC75358 version is made to op- 
erate at somewhat reduced maximum voltages. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


e Dual MECL-to-MOS Driver 
@e Dual MECL-to-MTTL Driver 


@ Versatile Interface Circuit for Use Between MECL and High- 
Current, High-Voltage Systems 


FIGURE 1 — TYPICAL APPLICATION WITH MCM7001 1K NMOS RAM 
(See Figure 8 and 9 for details) 


AO 
MC 75368 ee aCe, 
Al Output Enable 
A2 
MC75368 
A3 
Pr - 


MC75368 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


ram2 oa 


A6 
5 _._| MC7§368 (oo 
A7 


oo0oo= 


2 
MC75368 
AQ 
Write Enable 
MC75368 Enable 


Data Input 


Chip Select 
MC10161 [ee] MC75368 


Chip Select 


a-oor 


(More positive of 
A or B) -C 


input Voltage Conditions 
Differential Logic Level } Output 
Y 


(Vip > 150 mv) L 

(-150 mV < Vin < Indeter- 
150 mV) minate 

(Vip <-150 mV) | oH | 


H = high logic level, L = low logic level, 


X = irrelevant 


*MC3461 Dual Sense Amplifier 
to be announced 1st Quarter 1975. 
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MC75368,MC 75358 (continued) 


MAXIMUM RATINGS (Uuniess otherwise noted, voltages measured with respect to GND terminals, T a = 25°C.) 


Power Supply Voltages 


MC75368 
MC 75358 


MC75368 -0.5 to 30 
MC75358 -0.5 to 24 


-8.0 to 0.5 


Most Negative of Vcc1, Vcc2, or Vccg3 with 
respect to VEE 


Input Voltage 


inter Tp Voge a A SSS. ED (RE SR 
Most negative Input Voltage with respect to Veg Vi - Veg ma ae Vdc 


Power Dissipation (Package Limitation) 
Ceramic Package @ Tp = 25°C 
Derate above Tp = 25°C 
Plastic Package @ Ta = 25°C 
Derate above T, = 25°C 
Ceramic Package @ Tc = 25°C 
Derate above Tc = 25°C 
Plastic Package @ Tc = 25°C 
Derate above Tc = 25°C 


(1) With respect to any pair of inputs to either of the input gates. 


RECOMMENDED OPERATING CONDITIONS 


MC75358 
Characteristic Symbot_ [Win [Te [War 
4.7 5.0 


Power Supply Voltages Vcc1 
Vcc2 


Vcc3 
Vcc3- Vcc2 


(1) The definition of these Logic Levels use Algebraic System of notation. 


(2) The input differential voltage is measured from the more positive inverting input (A or B) with respect to the non-inverting 
input (C) of the same gate. 
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MC75368,MC75358 (continued) 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply over recommended power supply and temperature 
ranges. Typical values measured at Vcc = 5.0 V, Veg = -5.2 V, Ta = 25°C and Voc? = 20, 
oa = 24 V for MC75368 and Vcc? = 16, Vcc3 = 20 V for MC75358. 


sc ee re 
Characteristic [typ | | Min | Typ 


Output Voltage — High Logic State 
(Vec3 = Vec2+ 3.0 V, VibL = . VouH1 | Vcc2- 9.3] Vcc2- 9.1 Vcc2-9.3| Vec2-9.1 
-150 mV, Ioy = -100 A) | 


(Vec3= Vec2+ 3.0 V, VibL = VOH2 | Vcc2- 1.2} Vcc2- 0.9 c2-1.2| Vec2- 0.9 
-150 mV, IoH = -10 mA) 


(Vec3 = Vec2. VIDL = -150 mV, VoH3 | Yoc2-1-0| Vcoc2- 0.7 
1OH = -50 KA) 


ee va 


(Voc3 = Voc2. VipL =-150 mV, . | VoHa J Voc2- 2-31 Vec2- 1.8 
19H = -10 mA) 


Output Voltage — Low Logic State eee 
(ViDH = 150 mV, lot = 10 mA) Vo 
(VipH = 150 mV, Io = 30 mA) VoL2 

10 V < Vcoc3 < 22 V 
10V<V <28V. 

Output Clamp Voltage Voc 
(VipH = 500 mV, loc = 20 mA) 


Input Current. — High Logic State iw 
(Veg =-5.72 V, Viz =-5.72 V, 

Vin = -0.7 V) 

Input Current — Low Logic State 
(Vipy = -0.7 V, Vi =-2.0 V) 
(Veg =-5.72 V, Vip =-0.7 V, 

Vit = -5.72 V) 

Power Supply Current — Both Outputs 
High. Logic State 
(Vcc = 5.25 V, Veg = -5.72 V, 

VIL(A) and (B) = -2.0 V, 
ViH(c) = -0.7 V, Io = 0) 
MC75368 — Voc2 = 22 V,. 
Vcc3 = 26 V 
MC75358 — Vcc2 = 18 V, 
Vcc3 = 22 Vv 


Vec2t1.5 V 


.— 


< 

2) 

re) 

N 

= 
< 
BELSCiEs 


1CC1(H) 


1CC2(H) 


1CC3(H) 
1EE(H) 


= | 
>> 


Power Supply Current — Both Outputs 
Low Logic State 
(Vec1 = 5.25 V, Veg =-5.72 V, 
VIH(A) and (B) = -0.7V, 
Vit(c) = -2.0 V, lox = 9) 
MC75368 ~— Vcc2 = 22 V, 
Vcc3 = 28 V 
MC75358 — Vcc2 = 18 V, 
Vcc3 = 22 V 


1oc1(L) mA 


'cc2( L) mA 


mA 
mA 


1CC3(L) 
1EE(L) 


Power Supply Current — Both Outputs 
High Logic State . 
(Vcoc1 = 5.25 V, Veg =-5.72V, 

VIL(A) and (B) = -2.0V, MIHIC) : 
-0.7 V, lox = 0) 
MC75368 — Vcc2 = 22 v, 

Vcc3 = 22 V 
MC75358 — Vcc2= 18 V 

Vcoc3 = 18 V 

Power Supply Current — Stand By | 
Condition 
(Vec1 = 0 V, VEE =9V, Vin(a) 

and (B) = -0.7 V, ViL(c) = 
-2.0 V, lot = 0) 
MC75368 — Vcc2 = 22 V, 
Vcc3 = 22 V 
MC75358 — Vcc2= 18 V, 
Vcoc3 = 18 V 


! 1CC2(H) 


1CC3(H) 


1CC2(s) 


1CC3(S) 
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MC75368,MC 75358 (continued) 


SWITCHING CHARACTERISTICS (Uniess otherwise noted, Vcc1 = 5.0 V, Veg = -5.2 V, Ta = 25°C and Vccz = 20 V for 
MC75368 and Vcoc2 = 16 V for MC75358) 


MC75358 
Symbol Typ | Min | typ | Max | 


Delay Time — Low to High Output Logic Level tDOLH 
(Vcc3 = 24 V) 
(Vcc3 = 20 V) 
(Vcc3 = 16 V) 


| 

Ss 
) 
J 
© 
w& 
7) 
© 

Cc 

s 

= 


a ol 
Oo ~ 
NN | 
oOo oO 
amen 
ooo) 
| Ww 
Oo WwW 
zz 
n 


NO 
pS 


26 


_ = 
Bw | 


Delay Time — High to Low Output Logic Level tDHL ns 
(Vcc3 = 24 V) — - 13 24 
(Vcc3 = 20 V) 13 24 15 26 
(Vec3 = 16 V) 15 26 = = 


Transition Time, Low-to-High Output Logic Level 
(Vcec3 = 24 V) 
(Vcec3 = 20 V) 
(Vcc3 = 16 V) 
Transition Time, High-to-Low Output Logic Level 
(Vcc3 = 24 V) 
(Vcc3 = 20 V) 
(Vcc3 = 16 V) 
Propagation Delay Time, Low-to-High Logic Level 
(Vcc3 = 24 V) 
(Vcc3 = 20 V) 
(Vcc3 = 16 V) 
Propagation Delay Time, High-to-Low Logic Level 
(Vcc3 = 24V) . 

(Vcec3 = 20 V) 
(Vcec3 = 16 V) 


| 
| 


QW 
nN Oo 
oO 
GO 


| 
| 


QO WwW 
=- oO 
oo 
on Ww 


ond 
4 
[— 
=z 
= = 
on 
Wn | 
oo 


FIGURE 2 — SWITCHING TIMES TEST CIRCUIT 


To Scope 
(Input) -1.3V _ ogy To Scope (Output) 


0 
a) 
OnwWa NOSE 


amwavnod 


390 pF 


| (Includes Probe 
and Jig 
= Capacitance) — 


Output 


The pulse generator has the (Vcec3 = Vcc2 + 4.0 V) 
following characteristics: 20V 


PRR = 1 MHz. z, » 50 £2. 
Duty Cycle = 50% 
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MC 75368,MC 75358 (continued) 


APPLICATIONS INFORMATION 
MODES OF OPERATION 


FIGURE 4 — POSITIVE-NOR GATE 


| INPUTS | OUTPUT 
CONFIGURATION 


H — High Level, L — Low Level, X — Irrelevant 
Ves — Reference Supply voltage for MECL 10,000. 


FIGURE 6 — NON-INVERTING GATE 


> 
Y=C 


FUNCTION TABLE 


A at Vep. 
B connected low 


The MC75368 and MC75358 are identical except that 
the MC75368 version has been selected for slightly. higher 
voltage capability. The two devices are interchangeable in 
most applications. Both can operate over a wide range of 
Vcc2 and Vcc3 supply voltages. 

The need for four separate power supplies Vcc1, VCC2, 
Vcc3 and VEE can be avoided in many cases by tying 
Vcc2 to Vcc3. However, performance advantages can be 
obtained by connecting either one or both VCC3 pins to an 
additional power supply of higher voltage than Vcc2. Both 
Vcc3 pins do not have to be held at the same voltage. For 
MECL-to-TTL level converter applications both Vc¢c2 and 
VcCC3 are generally connected to a +5.0 V power source. 

By providing two out-of-phase (A and B) inputs and 
one in-phase (C) input, each gate can be used as positive 
NOR, or as a inverting or non-inverting gate. This 
flexibility is achieved by connecting an externally supplied 
MECL 10,000 Series reference supply voltage (VBB) to 
the appropriate input as shown in Figures 4 thru 6. An 
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FIGURE 5 — DIFFERENTIAL MECL LINE RECEIVER 


C =A and/or B 
Y 

Cc 
Y=C 


FUNCTION TABLE 


INPUTS | OUTPUT 
CONFIGURATION ABC Y 
A and 8B connected 
together 


A not used but 
connected low 


B not used but 
connected low . 


FIGURE 7 — USE OF DAMPING RESISTOR TO REDUCE 
OR ELIMINATE OUTPUT TRANSIENT OVERSHOOT IN 
CERTAIN MC75358 AND MC75368 APPLICATIONS 


r 
! 
| 
1 
| 
i 
| 


MC75358 
or 
MC75368 
MOS 


we ee ee el 


| 
| 
| 
| 
| 
| 
Note: Rp ~ 102 to 302 (optional) 


unused out-of-phase input should be tied low or connected 
to the other out-of-phase input of the same gate. The 
required Vpp voltage source may be obtained from 
MECL 10,000 Series devices such as the MC10115 line 
receiver, or by connecting the output of a MECL 10,000 
gate, like the MC10102, to the respective out-of-phase 
inputs (as an example connect pins 4 and 5 to 2 of the 
MC10102 to obtain a Vgp reference voltage). 

When driven differentially, the MC75368 and MC75358 
may be used as a differential MECL line receiver, without 
the need for the Vgp reference voltage. 

- Undesirable output transient overshoot due to load or 
wiring inductance and the fast switching speeds of. the 
MC75368 and MC75358 can be eliminated or reduced by 
adding a small amount of series resistance. The value of this 
damping resistance is dependent on specific load character- 
istics and switching speed but typical values lie in the 
range of 10 to 30 ohms. This is illustrated in Figure 7. 


MC75368,MC 75358 (continued) 


FIGURE 8 — 32K x 2 MEMORY BOARD (MECL SYSTEM) 


Data Valid 
1/2 MC10171 


1/2MC10171 


1/2 MC75358 or [4 
1/3 MC10177, 7 
4 places — 


Address A10 
Address A11 
Write Enable 


MCM7001, 
64 places 


1/2 MC753 58 
16 places 


Data 
Output 


So 
aes 
me 
Po 
ae, 
ape 
spe 


LE 
i<ES 
i <E 


Bay Enable 
Chip Select 
Address A12 
Address A13 


Address A114 


<: 
i 
LH 

ae 


MCM7001, 
32 places 


} > “—~ 8 places 
Latch Enable 
- Connect to all MCM7001’s Connect to Connect to 
Top Array (32K x 1) Bottom Array (32K x 1) 

1/2 MC75358 

or 
1/3 MC10177, Data Inputs 
12 Places 

AO Al A2 AZ A& AS AB AT AB AY DOin Diin 


*To be announced 1st Quarter 1975 
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MC10161 


MC 75368,MC 75358 (continued) 


FIGURE 9 — 4K x 18 MEMORY BOARD (MECL SYSTEM) 
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Address, Data and Write Enable Drivers 
(Use 1/2MC75358 or 1/3MC10177, 30 places) 
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Board Enable A1 
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BAIN ar 


i l l (2 Q © O O Q Q oe O O 


WE1 (to top 36 devices) 


MCM7001, 72 Places 


1/2 MC3461, 18 Places 


WE2 (to Bottom 36 devices) 


MOS CLOCK DRIVER 


MMH0026 
MMHO026C 


Specifications and Applications 
Information 


DUAL MOS 


DUAL MOS CLOCK DRIVER CLOCK DRIVER 


... designed for high-speed driving of highly capacitive loads in a 
MOS system. 


MONOLITHIC 
SILICON INTEGRATED CIRCUIT 
Fast Transition Times — 20 ns with 1000 pF Load | 
High Output Swing — 20 Volts 
High Output Current Drive — +1.5 Amperes 
High Repetition Rate — 5.0 to 10 MHz Depending on Load G SUFFIX 


MTTL and MDTL Compatible Inputs METAL PACKAGE 
CASE 601 


Low Power Consumption when in MOS “0” State — 2.0 mW 
+5.0-Volt Operation for N-Channel MOS Compatibility 


FIGURE 1 — CIRCUIT SCHEMATIC 
(1/2 CIRCUIT SHOWN) 


(Top View) 


OUTPUT 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MMHOO26C Only) 


INPUT Af 
INPUT B [poz] OUTPUT B 


(Top View) 
TYPICAL OPERATION L SUFFIX 
(Rg = 10 2, CL = Cin = 1000 pF, f = 1.0 MHz, CERAMIC PACKAGE 
PW = 500 ns, Vcc = 0 V, Veg = -20 V) CASE 632 
. TO-116 


Vec 

NC 
OUTPUT B 
NC 

INPUT B 
NC 

NC 


5.0 VOLTS/DIV 


(Top View) 


100 ns/DIV 
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MMH0026, MMHO026C (continued) 


MAXIMUM RATINGS (Tx, = +25°C unless otherwise noted.) 


Peak Output Current 


Power Dissipation and Thermal Characteristics 
Ta = +25°C 


Thermal Resistance, Junction to Air 
Te = 25°C 
Thermal Resistance, Junction to Case 


Junction Temperature 


BIC 
ad 
Operating Temperature Range | | TA 
MMHO026 
: MMHO0026C 


Storage Temperature Range T stg 


ELECTRICAL CHARACTERISTICS (Vcc-Veg = 10 V to 20 V, Cy = 1000 pF, Ta = -55 to +125°C for MMHO026 and 0 to +85°C 
for MMHOO26C for min and max values; Ta = +25°C for all typical values unless otherwise noted.) 


Characters [ Symbot_ [Min [Typ | Mex | Unt 
Logic ‘1’’ Level Input Voltage Vin Vee+2.5 |] Veg+1.5 Vde © 
Vo = Veg + 1.0 Vde 
Logic ‘’1’’ Level Input Current ly f = =omA 
Logic ‘’0’’ Level Input Voltage VIL VeeEt+O6 | Veg +04 Vde 
Logic ‘‘0’’ Level Input Current Ne -0.005 uA 
Logic ‘‘0’’ Level Output Voltage VOH ) Vde 
Vcc = +5.0 Vde, Veg = -12 Vde, Vin = -11.6 Vde 4.0 
Vin-VEE = 0.4 Vdc Vcc -1.0 
Logic ‘'1’’ Level Output Voltage. VOL ) Vdc 
Vcc = +5.0 Vdc, Veg = -12 Vdc, Vin = -9.5 Ve -11.5 i | 
Vin-VEE = 2.5 Vde Vee +05 | Veg t+ 1.0 
“On"’ Supply Current IceL 30° mA 
“Off'’ Supply Current ICCH | MA 


SWITCHING CHARACTERISTICS (See Figure 2.) (Vc¢c-VEE = 10 V to 20 V, C_ = 1000 pF, Ta = -55 to +125°C for MMHO026 
and 0 to +85°C for MMHO026C for min and max values; Ta = +25°C for all typical values unless otherwise noted.) 


Propagation Time 
High to Low 
Low to High 

Transition Time (High to Low) 
Vcc—-VeEE = 17 Vdc, Cy = 250 pF 
Vcc-VEE = 17 Vdc, CL = 500 pF 


Vcc— VEE = 20 Vdc, Cy = 1000 pF 
Transition Time (Low to High) 
Vcc-VEE = 17 Vdc, Cy = 250 pF 
Vcc-— VEE = 17 Vdc, Cy = 500 pF 
Vcc— VEE = 20 Vdc, Cy = 1000 pF 


ao 
oo 


7-44 


MMH0026, MMHOO26C (continued) 


TEST CIRCUIT 


FIGURE 2 — AC TEST CIRCUIT AND WAVEFORMS 


2N2369A 
Or Equiv 


in 


Vin = 5.0 Vde 

PRF = 1.0 MHz 

PW = 0.5 us 

tTLH = tTHL <10 ns 


Pins not shown are not connected. 


TYPICAL APPLICATIONS 


FIGURE 4 — DC-COUPLED RAM MEMORY ADDRESS 
FIGURE 3 — AC-COUPLED MOS CLOCK DRIVER OR PRECHARGE DRIVER (POSITIVE-SUPPLY ONLY) 


To Address 
Lines On 

1103 Type 
Memory System 
Or Equiv 


Two-Phase 
Clock to 
Shift Registers 


MTTL 
MC7400 
Series Gates 


MTTL 
MC7400 
Series Gates — 


V =—12V 
EE Pins not shown are not connected. 


Pins not shown are not connected. 
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MMHO0026, MMHO026C (continued) 


lin, INPUT CURRENT (mA) 


PW, OUTPUT PULSE WIDTH (ns) 


tp, PROPAGATION DELAY TIME (ns) 


TYPICAL CHARACTERISTICS 
(Vec = + 20 V, Veg =0V, Ta = +25°C unless otherwise noted.) 


FIGURE 5 — INPUT CURRENT versus INPUT VOLTAGE 


fom] 


15 2.0 2.5 


0 0.5 1 
Vin, INPUT VOLTAGE (V) 


FIGURE 7 — OPTIMUM INPUT CAPACITANCE 
versus OUTPUT PULSE WIDTH 
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FIGURE 9 — PROPAGATION DELAY TIMES 
versus TEMPERATURE 
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FIGURE 6 — SUPPLY CURRENT versus TEMPERATURE 
9.0 


DUTY CYCLE = 20% 
f = 1 MHz 


6.0 


lec, SUPPLY CURRENT (mA) 
Qo 


~75 -50 -25 0 +25 +50 +75 +100 = +125 


T, TEMPERATURE (°C) 


FIGURE 8 — TRANSITION TIMES versus LOAD CAPACITANCE 


tT, TRANSITION TIME (ns) 
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FIGURE 10 — TRANSITION TIMES versus TEMPERATURE 
26 


Vec—VegE=20V 
Cy = 1000 pF 
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tT, TRANSITION TIME (ns) 
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T, TEMPERATURE (°C) 
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ty, TRANSITION TIME (ns) 
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TYPICAL CHARACTISTICS (continued) 
(Vcc = + 20 V, Veg = 0 V, Ta = +25°C unless otherwise noted.) 


FIGURE 11 — TRANSITION TIME versus TEMPERATURE 
FOR +5 VOLT DC-COUPLED OPERATION (See Figure 4.) 


Vcc = +4.5 V, f = 1 MHz, PW = 200 ns 
Cri = 510 pF, Cin = 510 pF, Rin = 1k2 
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FIGURE 13 — DC-COUPLED SWITCHING RESPONSE 
versus Rj, (See Figure 4.) 
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FIGURE 15 — MAXIMUM DC POWER DISSIPATION 
versus DUTY CYCLE (SINGLE DRIVER) 
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FIGURE 12 — PROPAGATION DELAY TIME versus 
TEMPERATURE FOR +5 VOLT DC-COUPLED 
OPERATION (See Figure 4.) 


Vcc =+4.5 V, Veg=0V 
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FIGURE 14 — DC-COUPLED SWITCHING versus Cin, 
(See Figure 4.) 
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FIGURE 16 — AC POWER DISSIPATION versus 
FREQUENCY (SINGLE DRIVER) 
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APPLICATIONS INFORMATION 


OPERATION OF THE MMH0026 

The simplified schematic diagram of MMHO026, shown 
in Figure 17, is useful in explaining the operation of the 
device. Figure 17 illustrates that as the input voltage level 
goes high, diode D1 provides an 0.7-volt ‘dead zone’ 


thus ensuring that Q2.is turned ‘‘on” and Q4 is turned | 


“off” before Q7 is turned ‘‘on’’. This prevents undesirable 
“current spiking’ from the power supply, which would 
occur if Q7 and Q4 were allowed to be ‘‘on’’ simul- 
taneously for an instant of time. Diode D2 prevents 


“zenering’’ of Q4 and provides an initial discharge path 


for the output capacitive load by way of Q2. 


As the input voltage level goes low, the stored charge in 


- Q2 is used advantageously to keep Q2 ‘‘on”’ and O04 “off’’ 
until Q7 is “off’’. Again undesirable “current spiking’ is 
prevented. Due to the external capacitor, the input side 
of Cjn goes negative with respect to VEE causing O9 to 
conduct momentarily thus assuring rapid turn ‘‘off’’ 
of Q7. 


FIGURE 17 — SIMPLIFIED SCHEMATIC DIAGRAM 
Figure 1) 


(Ref.: 
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The: complete circuit, Figure 1, basically creates Dar- 
lington devices of transistors Q7, Q4 and Q2 in the 
simplified circuit of Figure 17. Note in Figure 1 that 
when the input goes negative with respect to Veg, diodes 
D7 through D10 turn “‘on”’ assuring faster turn ‘off’ of 
transistars Q1, Q2, Q6 and Q7. Resistor R6 insures that 
the output will charge to within one VgE voltage drop 
of the Vcc supply. 


SYSTEM CONSIDERATIONS 


Overshoot: 
In most system applications the output waveform of the 


~. MMHO0026 will ‘‘overshoot’’ to some degree. However, 


“overshoot’’ can be eliminated or reduced by placing a 
damping resistor in series with the output. The amount 
of resistance required is given by: Rs = 2 L/C\_ where 
L is the inductance of the line and Cy_ is the load capac- 
itance. In most cases a series of damping resistor in the 
range of .10-to-50 ohms will be sufficient. The damping 


resistor also affects the transition times of the outputs. 
- The speed reduction is given by the formula: 


tTHL © tTLH = 2.2 Rs Ci (Rs is the damping resistor). 
Crosstalk: 


The MMH0026 is sensitive to crosstalk when the output 
voltage level is high (Vo ~ Vcc). With the output in the 
high voltage level state, Q3 and O4 are essentially turned 
“off”. Therefore, negative-going crosstalk will pull the 
output down until Q4 turns “on” sufficiently to pull the 
output back towards Vcc. This problem can be min- 
imized by placing a “‘bleeding’’ resistor from the output 
to ground. The “bleeding” resistor should be of suf- 
ficient size so that Q4 conducts only a few milliamperes. 
Thus, when noise is coupled, O04 is already ‘‘on’’ and the 
line is quickly clamped by Q4. Also note that in Figure 1 
D6 clamps the output one diode-voltage oe above Vcc 
for positive-going crosstalk. 


Power Supply Decoupling: 


The decoupling of Vcc and VEE is essential in most 
systems. Sufficient capacitive decoupling is required to 
supply the peak surge currents during switching. At least 
a 0.1-uF to 1.0-4F low inductive capacitor should be. 
placed as close to each driver package as the eyeut will 
permit. 

Input Driving: 

For those applications requiring split power. supplies 
(VEE < GND), ac coupling, as illustrated in Figure 3, 
should be employed. Selection of the input capacitor 
size is determined by the desired output pulse width. 
Maximum performance is attained when the voltage at 
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APPLICATIONS INFORMATION (continued) 


the input of the MMHO0026 discharges to just above the 
device’s threshold voltage (about 1.5 V). Figure 7 shows 
optimum values for Cjn versus the desired output pulse 
width. The value for Cj, may be roughly predicted by: 
Cin = (2x 1073) (PWo). (1) 
For an output pulse width of 500 ns, the optimum value 
for Cin is: 
Cin = (2 x 1073) (500 x 1079) = 1000 pF. 
If single supply operation is required (VEE = GND), then 
dc coupling as illustrated in Figure 4 can be employed. 
For maximum switching performance, a speed-up capac- 
itor should be employed with dc coupling. Figures 13 
and 14 show typical switching characteristics for various 
values of input resistance and capacitance. 


POWER CONSIDERATIONS 


Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved 
by keeping the integrated circuit junction temperatures 
low. Electrical power dissipated in the integrated circuit 
is the source of heat. This heat source increases the 
temperature of the die relative to some reference point, 
normally the ambient temperature. The temperature in- 
crease depends on the amount of power dissipated in the 
circuit and on the net thermal resistance between the 
heat source and the reference point. The basic formula 
for converting power dissipation into junction temper- 
ature is: 


Ty = Ta + Pp (8jc + 8Ca) (2) 
or 

Ty=Tat Pp (6 ja) (3) 
where 


Ty = junction temperature 
TA = ambient temperature 
Pp = power dissipation 
6 jc = thermal resistance, junction to case 
GCA = thermal resistance, case to ambient 
6 JA = thermal resistance, junction to ambient. 


Power Dissipation for the MMH0026 MOS Clock Driver: 


The power dissipation of the device (Pp) is dependent 
on the following system requirements: frequency of op- 
eration, capacitive loading, output voltage swing, and 
duty cycle. This power dissipation, when substituted into 
equation (3), should not yield a junction temperature, 
Ty, greater than Ty(max) at the maximum encountered 
ambient temperature. Tj(max) is specified for three 
integrated circuit packages in the maximum ratings 
section of this data sheet. 
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Pp, POWER DISSIPATION (WATTS) 


TABLE 1 — THERMAL CHARACTERISTICS 
OF “G”, “L’’ AND “P1” PACKAGES 


PACKAGE TYPE 
(Mounted in Socket) 


FIGURE 18 — MAXIMUM POWER DISSIPATION versus 
AMBIENT TEMPERATURE (As related to package) 


-75 -50 ~-25 0 +25 «+50 =—-+75 
Ta, AMBIENT TEMPERATURE (°C) 


+100 +125 


With these maximum junction temperature values, the 
maximum permissible power dissipation at a given 
ambient temperature may be determined. This can be 
done with equations (2) or (3) and the maximum thermal 
resistance values given in Table 1 or alternately, by using 
the curves plotted in Figure 18. If, however, the power 
dissipation determined by a given system produces a 
calculated junction temperature in excess of the recom- 
mended maximum rating for a given package type, some- 
thing must be done to reduce the junction temperature. 


_ There are two methods of. lowering the junction tem- 


perature without changing the system requirements. 
First, the ambient temperature may be reduced suf-. 
ficiently to bring Ty to an acceptable value. Secondly, 
the Ca term can be reduced. Lowering the 0c, term can 
be accomplished by increasing the surface area of the 
package with the addition of a heat sink or by blowing | 
air across the package to promote improved heat 
dissipation. 


+150 +175 
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APPLICATIONS INFORMATION (continued) 


The following examples illustrate the thermal consider- 
ations necessary to increase the power capability of the 
MMHO026. 


Assume that the ceramic package is to be used at a 
maximum ambient temperature (TA) of +70°C. From 
Table 1: 6ya(max) = 150°C/watt, and from the max- 
imum rating section of the data sheet: T y(max) = +175°C. 
Substituting the above values into equation (3) yields a 
maximum allowable power dissipation of 0.7 watts. Note 
that this same value may be read from Figure 18. Also 
note that this power dissipation value is for the device 
mounted in a socket. 


Next, the maximum power consumed for a given system 
application must be determined. The power dissipation 
of the MOS clock driver is conveniently divided into 
dc and ac components. The dc power dissipation is 
given by: 


Pdc = (Voc — VEE) x (ICCL) x (Duty Cycle) (4) 
Vcc — VEE 
where | = 40 mA (—_———_— .. 
wenn 20 V 


Note that Figure 15 is a plot of equation (4) for three 
values of (Vcc—VE_E). For this example, suppose that 
the MOS clock driver is to be operated with Vcc = +16 V 
and Veg = GND and with a 50% duty cycle. From 
equation (4) or Figure 15, the dc power dissipation (per 
driver) may be found to be 256 mW. If both drivers 
within the package are used in an identical way, the total 
dc power is 512 mW. Since the maximum total allowable 
power dissipation is 700 mW, the maximum ac power 
that can be dissipated for this example becomes: 


Pac = 0.7 — 0.512 = 188 mW 
The ac power for each driver is given by: 

Pac= (Vcc — VEE)2 x fx Cy 
where f = frequency of operation 


Ct. = load capacitance (including all strays and 
wiring). 


(5) 


Figure 16 gives the maximum ac power dissipation versus 
switching frequency for various capacitive loads with 
Vcc = 16 V and Veg = GND. Under the above con- 
ditions, and with the aid of Figure 16, the safe operating 
area beneath Curve A of Figure 19 can be generated. 


Since both drivers have a maximum ac power dissi- 


pation of 188 mW, the maximum ac power per driver — 


becomes 94 mW. A horizontal line intersecting all the 
Capacitance load lines at the 94 mW level of Figure 16 
will yield the maximum frequency of operation for each 
of the capacitive loads at the specified power level. By 
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C_, LOAD CAPACITANCE PER DRIVER (pF) 


using the previous formulas and constants, a new safe 
operating area can be generated for any. output voltage 
swing and duty cycle desired. 


Note from Figure 19, that with highly capacitive loads, 
the maximum switching frequency is very low. The 
switching frequency can be increased by varying the 
following factors: 

(a) decrease Ta 

(b) decrease the duty cycle 

(c) lower package thermal resistance 0 JA. 


In most cases conditions (a) and (b) are fixed due to 
system requirements. This leaves only the thermal re- 
sistance 6 ja that can be varied. 


Note from equation (2) that the thermal resistance is 
comprised of two parts. One is the junction-to-case 
thermal resistance (@jc) and the other is the case-to- 
ambient thermal resistance (@C a). Since the factor 0jc 
is a function of the die size and type of bonding employed, 
it cannot be varied. However, the 9CA term can be 
changed as previously discussed, see Page 7. 


FIGURE 19 — LOAD CAPACITANCE versus FREQUENCY 
FOR “L’ PACKAGE ONLY ; 
(Both drivers used in identical way) 


A: SOCKET MOUNT 
NO HEAT SINK 
NO AIR FLOW 


C: SOCKET MOUNT D: 
THERMALLOY 60128 
HEAT SINK OR EQUIV 
—E— NO AIR FLOW 
E: SOCKET MOUNT 
THERMALLOY 60128 
HEAT SINK OR EQUIV 


B: PC BOARD MOUNT 
NO HEAT SINK 
NO AIR FLOW 
SOCKET MOUNT 
NO HEAT SINK 
500 LFPM 

AIR FLOW 


Ta = +70°C 
DUTY CYCLE =50% 


0 2.0 40 — 6.0 8.0 
-f, SWITCHING F REQUENCY (MHz) 


Heat Sink Considerations: 

Heat sinks come in a wide variety of sizes and shapes that 
will accomodate almost any IC package made. Some of 
these heat sinks are illustrated in Figure 20. In the 
previous example, with the ceramic package, no heat sink 
and in a still air environment, 6 ja(max) was 150°C/W. 


For. the following example the Thermalloy 6012B type 
heat sink, or equivalent, is chosen. With this heat sink, the 
Oca for natural convection from Figure 21 is 44°C/W. 
From Table 1 @jc(max) = 50°C/W for the ceramic 
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FIGURE 20 — THERMALLOY*® HEAT SINKS 


“Manufactured by Thermalloy Co. of Texas. 


package. Therefore, the new @ ja(max) with the 6012B 
heat sink added becomes: 


8 ya(max) = 50°C/W + 44°C/W = 94°C/W. 


Thus the addition of the heat sink has reduced 0 ja(max) 
from 150°C/W down to 94°C/W. With the heat sink, the 
maximum power dissipation by equation (3) at Ta = 


2230-5 


Forced Air Considerations: 

As illustrated in Figure 22, forced air can be employed to 
reduce the Oya term. Note, however, that this curve is 
expressed in terms of typical 6 ja rather than maximum 
63a. Maximum 8 ja can be determined in the following 
manner: 


+70°C is: From Table 1 the following information is Known: 
_ 176°C — 70°C _ aa (a) 8 ja(typ) = 100°C/W 
~e4ecw a | (b)  Oyc(typ) = 27°C/W 
This gives approximately a 58% increase in maximum since: 
power dissipation. The safe operating area under Curve C 9A =9jc+9ca (6) 
of Figure 19 can now be generated as before with the aid Then: 
of Figure 16 and equation (5). OCA =9JA - 95C (7) 


: Therefore, in still air 
FIGURE 21 — CASE TEMPERATURE RISE ABOVE 
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NATURAL CONVECTION 
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O8ca(typ) = 100°C/W — 27°C/W = 73°C/W 
From Curve 1 of Figure 22 at 500 LFPM and eq- 
uation (7), 
Ocal(typ) = 53°C/W — 27°C/W = 26°CW. 

Thus @ca(typ) has changed from 73°C/W (still air) to 
26°C/W (500 LFPM), which is a decrease in typical 6c 
by a ratio of 1:2.8. Since the typical value of 96CA was 
reduced by a ratio of 1:2.8, 6ca(max) of 100°C/W 
should also decrease by a ratio of 1:2.8. 


This yields an 9CA(max) at 500 LFPM of 36°C/W. 
Therefore, from equation (6): 

6 ya(max) = 50°C/W + 36°C/W = 86°C/W. 
Therefore the maximum allowable power dissipation at 
500 LFPM and Ta = +70°C is from equation (3): 

175°C — 70°C 


Pp = = 1.2 watts. 
2 +86°C/W | 
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FIGURE 22 — TYPICAL THERMAL RESISTANCE (6 ya) OF 
“L' PACKAGE versus AIR VELOCITY 
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As with the previous examples, the dc power at 50% duty 
cycle is subtracted from the maximum allowable device 
dissipation (Pp) to obtain a maximum Pac. The safe 
operating area under Curve D of Figure 19 can now be 
generated from Figure 16 and equation (5). 


Heat Sink and Forced Air Combined: 
Some heat sink manufacturers provide data and curves of 
6ca for still air and forced air such as illustrated in 
Figure 23. For example the 6012B heat sink has an 
6ca = 17°C/W at 500 LFPM as noted in Figure 23. 
From equation (6): 

Max 0ya = 50°C/W + 17°C/W = 
From equation (3) at Ta = +70°C 

175°C — 70°C 


Pp = ———_———_ 1.57 watts. 
67°C/W 


67°C/W 


FIGURE 23 — THERMAL RESISTANCE Oca 
versus AIR VELOCITY 
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As before this yields a safe operating area under Curve E 
in Figure 19. 


Note from Table 1 and Figure 22 that if the 14-pin 
ceramic package is mounted directly to the PC board 
(2 oz. cu. underneath), that typical 6 ya is considerably 
less than for socket mount with still air and no heat sink. 
The following procedure can be employed to determine a 


_safe operating area for this condition. 


Given data from Table 1: 
typical 0 yA = 100°C/W 
typical 0yc = 27°C/W 
From Curve 2 of Figure 22, dya(typ) is 75°C/W for a 
PC mount and no air flow. Then the typical 0c, is . 
75°C/W — 279C/W = 48°C/W. From Table 1 the typical 
value of cq for socket mount is 100°C/W — 279C/W = 
73°C/W. This shows that the PC board mount results in 
a decrease in typical 9c, by a ratio of 1:1.5 below the 
typical value of Oca in a socket mount. Therefore, the 
maximum value of socket mount @cA of 100°C/W 
should also decrease by a ratio of 1:1.5 when the device 
is mounted in a PC board. The maximum 6c becomes: 
100°C/W 
6CA = ———— = 66°C/W for PC board mount 


Therefore the maximum OJ for a PC mount is from 


equation (6). 


6 JA = 50°C/W + 66°C/W = 116°C/W. 
With maximum 4 ja known, the maximum power dis- 
sipation can be found and the safe operating area de- 
termined as before. See Curve B in Figure 19. 


CONCLUSION 


In most cases, heat sink manufacturer’s publish only 
§CA socket mount data. Although 6c, data for PC 
mounting is generally not available, this should present 
no problem. Note in Figure 22 that an air flow greater 
than 250 LFPM yields asocket mount 8 ja approximately 
6% greater than for a PC mount. Therefore, the socket 
mount data can be used for a PC mount with a slightly 
greater safety factor. Also it should be noted that thermal 
resistance measurements can vary widely. These measure- 
ment variations are due to the dependency of OCA onthe | 
type environment and measurement techniques em- 
ployed. For example, 9CA would be greater for an 
integrated circuit mounted on a PC board with little or 
no ground plane versus one with a substantial ground 
plane. Therefore, if the maximum calculated junction — 
temperature is on the border line of being too high for a 
given system application, then thermal resistance measure- 
ments should be done on the system to be absolutely 
certain that the maximum junction temperature is not 
exceeded. 
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